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1 

INTRODUCTION 

For a number of years now studies have been eon' 
ducted upon the organization of behavior in Iniinan 
beings—notably the work of Spearman, KcUy, Tlnir- 
stone, Garrett, and others. For an even longer time a 
legion of investigators have been studying animal be¬ 
havior; but the study of the organization of and rela¬ 
tionships within animal behavior is of comparatively 
recent origin. 

Work along this line started as an attempt to deter¬ 
mine the reliability of the various instruments—es¬ 
pecially the mazes—being used in animal experimenta¬ 
tion. In the last fifteen years there have been many of 
these studies, of varying degrees of experimental and 
mathematical sophistication, culminating in the recent 
careful work of Tolman, Stone, liccpcr, Heron, and 
particularly Tryon. The earlier work has been re¬ 
viewed by Lceper (15), Spence (24), and Tryon (34), 
Some of it is outlined in Table 1, togctlicr with tiiorc 
recent work. 

An examination of this table shows us that the earlier 
studies reported quite low reliabilities. Even these 
low correlations were partly spurious, inasmuch as dif¬ 
ferent animals were given different numbers of trials. 
Most of the more recent studies found distinctly higher 
reliabilities, many of them comparing favorably with 
those fouiul in human work, 'flic corrected coeflicient 
of .9876 reported by Tryon (34) for 141 rats on a 17- 
unit multipIc-T maze compares very favorably with 

[7] 
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those of any mental tests now available in the human 
field. 

The higher correlations found in the later work may 
be due in part to more careful tcchnicfue. Xhey are 
probably due to a greater extent to improved instru¬ 
ments. The multiple-unit mazes now in use arc both 
more uniform and more difficult than most of the ear¬ 
lier tests, and both these factors are conducive to higher 
reliability. Tryon lists the following factors as making 
for higher reliability: (1) more material in test; (2) 
test-broken individuals; (3) a carefully controlled sit¬ 
uation; (4) objective scoring; (S) considerable spread 
of ability in the group; (6) presence of irrelevant cor¬ 
related variables (an undesirable source of high reli¬ 
ability) ; (7) correlation of comparable measures. 
These factors explain the higher reliabilities found for 
the recent work, including the very high reliability 
found by Tryon. 

Another source of difference in the size of the re¬ 
liability coefficients is the variety of ways of computing 
them. Examination of Table 1 will reveal almost as 
many ways of computing reliability as there are ex¬ 
perimenters. Even the recent workers are not agreed 
as to the most satisfactory technique. Consider the 
following six methods: (1) correlating the score on 
the odd vs, even trials; (2) correlating odd vs, even 
blinds; (3) correlating the first half vs. second half of 
the blinds; (4) correlating one segment of trials with 
another; (5) correlating test with retest; (6) correlat¬ 
ing scores on two different mazes. Stone and his co- 
workers use methods 1, 2, 3, and 4; Tryon favors meth- 
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od 1; Leepcr, method 3; Heron, method S; Spence, 
method 6. Apparently no method completely satislieg 
the two requisites of correlating completely compat' 
able measures and of correlating measures which arc 
free from irrelevant correlated factors. The results 
from method 1 are almost certainly too high, and those 
from methods 5 and 6 are probably too low. Wc can¬ 
not say with assurance in which direction the other 
methods err. But whatever method wc may use, we 
must be fully aware of its limitations. 

Intercorrelations between two or more tests were re¬ 
ported as one of the first approaches to the problem of 
the reliability of the individual tests. Later on, inter¬ 
correlations were studied for their own sake. Earlier 
studies were limited to two or three tests; more recently 
experiments have been extended to include a wider 
variety of performances. In Table 2 we outline some 
of die earlier results. We shall consider the more 
recent work in some detail. 

More extensive studies have been published by Com- 
mins, McNemar, and Stone (3), byToniilin and Stone 
(33), and by Dunlap (S). 

Commins, McNemar, and Stone calculated their in¬ 
tercorrelations from data obtained in tlic course of two 
other studies. The first study yielded records for sev¬ 
eral groups of rats on a mtiltiplc-T maze, a triple-plat¬ 
form problem box, and the Stone inultiple-discriinina- 
tion box. The reliabilities of thc.'ic tests were all fairly 
high. However, the medians of die raw intercorrela¬ 
tions for tlic six groups for wliich resiills were com¬ 
puted were: 
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Platform box vs, Light-discrimination .10 

Platform box vs. T maze .02 

Light-discrimirmtion vs. T maze .01 

The three tasks seemed to have nothing in common, 

The second study gave results for the multipJe-T 
maze, the light box, and two patterns of elevated 
mazes, When all the groups were combined, a popula¬ 
tion of 256 animals was obtained. For this group, the 
corrected correlations between the mazes were .56, .65, 
and .66. The correlations between the light box and 
the mazes were all close to zero. There appeared to be 
a community of function among mazes, but this com¬ 
munity did not extend to a discrimination habit. 

Further light is thrown on this question by the results 
of Tomilln and Stone (33). Records were obtained 
for 136 rats on six-tests, namely: ( 1 ) multipIe-U maze; 
(2) reversed pattern of same; (3) elevated multiplc-T 
maze; (4) reversed pattern of same; (5) multiple- 
light-discriniination box; and (6) the same with re¬ 
versed cue. The corrected correlations between mazes 
ranged from .48 to .86 with a median at .61. I'he cor¬ 
rected correlation between the two discrimination 
habits was .66, The median correlation between a 
maze and a discriininatioii test was —.02. There 
seemed to be factors common to the maze habits and 
factors common to the discrimination habits, but noth¬ 
ing common to the two. 

The most extensive study of tlie interrelations of 
animal performances is that of Dunlap (5). His sub¬ 
jects were 119 young chicks, 'These he tested on a 
variety of simple tests, including several simple maze- 
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la 

type tests^—a straightaway tutincl, an S-shapcd inazc, 
and a muhiple-U-shaped maze; measures of activity — 
rotor, periscope, vocalization, problem-box sitviatiorvs; 
and tests of directional tendency. The reliabilities of 
the tests were estimated by correlating odd m, even 
trials and correcting by the Brown-Spearman formula. 
These reliabilities are included in our Table 1- 

The intercorrelations of the different tests were then 
determined. These were almost all positive and, when 
different measures from the same test were eliminated, 
low. The raw correlations between the ten variables 
which Dunlap used in his final analysis ranged from 
—,02 to .47 with a mean of .205. Tlie corrected cor¬ 
relations range from —.03 to ,65 with a mean some¬ 
where between ,25 and .30. Apparently these tests have 
something in common, though not very much. 

Dunlap applied the methods of tetrad analysis to his 
intercorrclations in order to determine the best pattern 
of factors to explain them. He feels that the correla¬ 
tions cannot be explained satisfactorily by a pattern of 
one general factor plus factors specific to single tests, 
and fits more complicated patterns to the data. He 
concludes that the complex patterns are very pro¬ 
visional and may well need to be revised with future 
work, but that the evidence indicated that more than 
one factor must be postulated to explain the intercor¬ 
relation of these abilities in the chick. 

My own problem was similar in general to that of 
Dunlap. I proposed to test a number of albino rats 
on as wide a variety of problems as possible, to deter¬ 
mine the reliabilities of the various scores obtained. 
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and to find the correlations between them. This table 
of correlations was then to be examined by the current 
methods of factor analysis, in an endeavor to trace the 
relationships existing among the various scores, 



II 

APPARATUS AND PROCEDURE 

The subjects in the experiment were male albino 
rats, approximately 60 days of age when obtained from 
the dealer {Breeding and Laboratory Institute in New 
York City). The rats were run in groups of 18, ob¬ 
tained upon the follow dates: July 17, August 28, and 
October 23, 1933, and January 3 and February 13, 
1934. The homogeneity of the groups is not known, 
but it is known that the animals were taken from about 
twenty different litters, 

The rats were kept in the laboratory for 12 days be¬ 
fore they were started on the experiment proper. Dur¬ 
ing this time they were put through a standard routine 
of handling and taming, which consisted of about six 
minutes a day of handling, petting, etc., by the ex¬ 
perimenter. Care was taken to keep this treatment as 
nearly the same as possible for each animal. 

Ninety animals started the experimental routine, but 
there were always some who became conditioned 
against one or another of the pieces of apparatus and 
would not run. These failures were almost all in the 
earliest tests, and these failing animals were discarded, 
except in one case which will be mentioned later. Our 
results are based on the complete records of sixty-four 
animals. 

Each animal received the 12-day taming routine 
described above, and was then put through the standard 
39-day experimental routine. The order and time of 
the different tests was kept the same for the several 

[ 20 ] 



ORGANIZATION OF DFHAVIOR IN THK RAT 


21 


TABLE 3 

Schedule of Experimentation 


Day B;00 A, M" 

9:QO-lOiQO A- M. 

4.00 P. M. 

1 

Mii%e C preliminary 

Jenkini Problem Box 
preliminary 

Mn/e A prelim. 

2 

Same 

Same 

Same 

3 

Same 

Same 

Same 

4 

Maze C trial 1 

Same 

Same 

5 

2 

JcnkiiH Problem 

Dox triiila 1-2 

Ma7,e A irinl 1 

6 

a 

3-4 

2 

7 

4 

5-6 

3 

fl 

5 

7-9 

4 

9 

6 

10-12 

5 

(0 

7 

13-15 

6 

11 

a 

16-lB 

7 

12 

9 

19-22 

B 

13 

Ma 2 e D trial 1 

23-26 

9 

1+ 

2 

27-30 

10 

15 

3 

31-35 

n 

16 

4 

36-40 

Maze B trial 1 

17 

5 

41-45 

2 

la 

6 

46-50 

3 

19 

7 

51-55 

4 

20 

LnLch Box prclimlnory 
feeding 

56-60 

5 

21 

Same 

61-65 

6 

22 

Same 

66-70 

7 

23 

Same 

71-75 

a 

24 

Latch Box prcliiri. triniii 

76 BO 

9 

25 

Latch Box trial 1 

Lntch Box trial 2 

Lnldi Box trial 3 

26 

4 

5 

6 Cl) III mb. 

27 

7 

a 

9 Ohatr. 

28 

10 

n 

12 Prelim. 

29 

preliminary 


Coliiinhin Ciintr.— 
hunger 

30 


"CR” preliminary 

31 

Same 


Same 

32 

Same 


‘^CR” HDUnd Irinls 


•'CR” aound trials ll'2Q 


I-IO 

33 


21-30 

34 

3L40 


41-50 

35 

51-60 


61-70 

36 

"CR" light trials I-IO 


"CR" liKht trials 




11-20 

37 

2t-30 


JI-IO 

38 

41-50 


51-60 

39 

61-70 


71-80 
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groups of rats. Table 3 shows how the tasks were 
temporally distributed. 

In general, the animals were experimented w'ith for 
three or four hours in the morning, and again at the end 
of the afternoon, about four hours later. Tlie animals 
were fed on whole wheat bread and milk. They got a 
little food in the apparatus, when they completed their 
task; and received their main feeding for ten minutes 
in the afternoon, at the conclusion of the day's ex¬ 
perimentation. Records were obtained for each animal 
on ten different tests, as follows: 

Rcvolvinp-vvliecl activity CiiRC 
Wnvner'Warden waze (2 piiilcrns —A unit B) 

Elevated T iiinzc (2 patterns—C and D) 

Jenkins civculat problem box 
Latch problem box 

Warner's conditioned-response test (two tliilercnt stimuli) 
Columbia obstruction apparatus (new model)-—liungcr drive 

Let US now consider the apparatus, procedure, and 
scoring for each of these tests in more detail. 

Revolving Wheel Activity Cage 

A measure of a certain phase of voluntary activity 
was obtained from the amount that the animal ran in a 
revolving wheel. The apparatus was made by G. H. 
Wahmann Mfg. Co., and followed the design of 
Spaeth. A revolution counter recorded half-turns 
made by the wheel in either direction. 

Due to the limited number of wheels available, it 
was necessary to run each rat every third day. Each 
animal was run for five four-hour sessions. The animals 
were run from eleven or twelve in the morning to three 
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or four in the afternoon on days 2-15, between the 
morning and afternoon sessions on the other tests. 

The first session for each rat was considered pre¬ 
liminary training. 

The score for each animal on this test was the total 
number of turns of the wheel registered on the second, 
third, fourth, and fifth sessions. 

Warner-Warden Maze 

This maze is described in the Archives of Psy¬ 
chology, No. 92. Two patterns were used—A and 13. 
These are shown in Figure 1. 

The animals were run in Maze A on the afternoons 
of days 1-15 of the experimental session. On days 1 
and 2 they were fed for two minutes in the entrance 
box of the maze and for about three minutes in the 
goal box of the maze. On days 3 and 4 the entrance 
box and goal box were placed next to each other, and 
the animals were allowed to nm from the entrance box 
to the goal box, where they got a nibble of food. This 
was repeated five times each day. The sliding card¬ 
board doors of the entrance and goal box were operated 
during these runs, in order to accustom the rats to them. 

On days S-15 the rats ran through the complete maze 
from entrance box to goal box, and were allowed to cat 
in the goal box for about 30 seconds. One trial was 
run each day. 

Days 1-5, including the first trip through the maze, 
were considered preliminary training. 

On days 1 and 2 records were kept of the amount of 
time that each rat spent in eating, out of the two min- 
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FIGURE 1 

Diagrams of Apparatus 


utes that it was in the entrance box. These records 
were combined with similar ones from the Jenkins 
problem box and the Columbia obstruction apparatus 
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into a score which has been called “Feeding on Pre¬ 
liminaries." 

On days 5-15 a complete record was kept of each rat's 
path through the maze and of his time from entering 
the maze to entering the goal box. The errors made 
by the rat in traversing the maze were tabulated in 
three groups: 

"A errors”—ciiCcritig a blind alley while progressing toward the 
^onl box 

"B errors"—entering n blind alley while proceeding in the reverse 
direction 

"C errors'"—retracing the true pathway 

Each unit of the maze that was incorrectly eateiecl was 
counted as one error. A tabulation was made of the 
number of each kind of error for each rat for each trial. 
The scores on the maze consisted of the sum of the 
times, or of any single kind of errors, on trials 2-11. 

Maze B (second pattern of the Warner-Warden 
maze) was run in the afternoon on days 16-24. The 
only preliminary training was the first trial on the 
maze. Procedure, scoring, etc., were the same as for 
Maze A, Scores were summed for trials 2-9. 

Elevated T Maze 

The two patterns of this type of maze were con¬ 
structed especially for this experiment. In design they 
resembled somewhat those of Miles (17) and of 
Dennis (4). They were constructed of planed two- 
by-fours, fastened together with angle-irons so that the 
two-inch edge formed the pathway. The rats’ pathway 
was about 15 inches above the level of the maze tabic. 
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Two patterns were used—C and D. These are shown 
in Figure 1. 

Maze C was run the first thing in the morning 
(about 8 o'clock) on days J-12, On days 1, 2, anti 3, 
the animals were fed in a cage upon the food platform 
for two minutes. On days 4-12 the rats wero placed 
upon the elevated patliway at the starting end and were 
allowed to find their way to the food. If they fell off, 
which happened very rarely and only upon the first 
trial, they were replaced at the spot from which they 
fell. 

The preliminary training consisted of the three days 
of feeding and the first run through the maze. 

The same records of errors were kept as in the other 
mazes. In the case of time, however, two separate 
records were kept. Time was noted from the moment 
that the rat was put down upon the maze at the starting 
point to the moment that he left that section of the 
maze; this has been called "Time to start." The time 
from leaving the starting section of the maze to reach¬ 
ing the food platform was also recorded; this has been 
called "Time to run." The scores were the sums of 
each type of time or errors for trials Z-9, 

Maze D was run the first thing on mornings 13-19, 
with ,no preliminary training except the first run 
through the maze, The scores for the maze were the 
sums on trials 2-7, and were obtained in the same way 
as for Maze C. 

Jenkins PnoitLEM Box 

The Jenkins problem box used in this experiment is 
the same as that used by Ricss (18) and described l)y 
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him. It consists of two concentric circular cages. The 
inner one is the food, compartment. The outer one is 
the reaction compartment, and contains three plates set 
into the floor, on some combination of which the animal 
is required to step. There is an entrance compartment 
opening into the reaction cage. The door of the en¬ 
trance compartment is raised to admit the rat to the 
reaction compartment at the beginning of a trial, and 
the door of the food compartment is opened when the 
rat steps on the required plates. 

In the present experiment the animals were required 
to step on any one plate in order to be admitted to the 
food compartment. Previous workers (23, 18) with 
this apparatus have used as their first problem the 
stepping on a certain specific plate. It was not until 
the experiment was well under way that it was dis¬ 
covered that another procedure had been used before. 
The other procedure seems better than that which we 
used, in that it permits the formation of a fairly specific 
habit. In the problem used here, the rat was rewarded 
for doing one thing on one trial, and then for doing 
something quite different on a subsequent trial. 

This problem box was run as the second problem on 
the mornings of days 1-24. The animals were run 
from 9 or 10 o'clock until 11 or 12. 

On days 1 and 2 the animals were fed for 3 minutes 
in the food compartment. Records were kept of the 
amount of time spent in eating, as part of our score 
“Feeding on preliminaries.’’ On days .3 and 4 the door 
of the food compartment was left open and the animals 
were allowed to find their way to food, witliout being 
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required to step on a plate, Two such trials were 
given on each of these days. The regular trials of the 
experiment were given on days 5'24*. The number of 
trials per day started at two anti was gradually in¬ 
creased to five. 

In all, eighty trials were given. The first thirty 
trials, together with the training on days 1-4-, were con¬ 
sidered preliminary training. The scores on this ap¬ 
paratus were based on the records of the last fifty trials, 

Four different scores were obtained for this problem 
box. The first score was a mensure of a certain pliase 
of activity in the reaction compartment, namely, the 
number of quadrants entered, Secondly, a record was 
kept of the number of perfect trials. A perfect trial 
was arbitrarily defined as one in which the animal en¬ 
tered no unnecessary quadrants and completed the trial 
in less than IS seconds. In the third place, the time 
between the opening of the entrance compartment door 
and the entrance of the rat into the reaction compart¬ 
ment was noted. We also kept a record of the time 
from entrance into the reaction compartment to 
entrance into the food compartment. 

Latch Prodlem Box 

This piece of apparatus was made in the laboratory 
for this experiment. A diagram of it is given in 
Figure 1. It consists of a rectangular cage set upon an 
elevated platform. The wooden door in the front of 
the cage swings in and up when the catch is released, 
permitting the animal to get to the food which is 
placed inside, The latch is a simple wooden bar, set 
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out from the front of the cage, upon which the animal 
must push down. When the catch is released, a 
weight and pulley system swings the door up out of the 
way. 

The rats worked at this problem on the mornings of 
days 19-24 and on both morning and afternoon of days 
25-29. On days 19-23, both before and after the day’s 
run on the Jenkins problem box, each rat was placed on 
the platform of the latch box and allowed to go into 
the cage and eat for 15 seconds, the door being left 
open. On day 24 two trials were given—one in the 
early morning and one in the late morning—with the 
latch of the problem box just barely caught, so that any 
slight jar would release it. This training, together 
with the first two regular trials, was considered pre¬ 
liminary training. 

Twelve trials with the latch fully caught were given 
on days 25-28, three trials being given each day—one 
early in the morning, one late in the morning, and one 
in the afternoon. Each time the rat succeeded in 
getting into the cage he was permitted to eat for 15 
seconds. A time limit of ten minutes was set, and an 
animal who did not get in in that time was returned to 
his cage and recorded as having failed for the trial. 
In this test there were two rats who failed continuously, 
because they never happened to hit the latch, and not 
because they refused to work. It was decided not to 
throw out the complete records of these rats, but to give 
them a score on this test just worse than the worst of 
the rats who did not fail. 

The only record that was kept for this test was time 
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to get to the food. The score was the sum of the times 
on trials 3-12. 

Conditioneu-RivSPonsr Ti-;st,s 

There is room for considerable doubt as to wbetlier 
the tests to be discussed under this heading sliould be 
called conditioned responses at all. If the name is to be 
applied, it must be with rather a broad definition. 

The apparatus used here was the same as that used 
by Warner (38),* as shown in Figure 1. The apparatus 
was essentially a wooden bo.\ with an observation 
window on one side and a floor made of metal rods. 
The box was divided in the middle by a low fence of 
metal bars. The fence was always electrified, and the 
apparatus was arranged so that either half of the floor 
could be electrified, 

First the animals were trained to jump from one 
side of the fence to the other when they received an 
electric shock. Then a buz/ccr was sounded for ten 
seconds before the shock was given, in order to train the 
rats to jump to the buzzer and avoid the shock. Finally 
a change of illumination—a 100-watt bulb added to a 
flashlight bulb—was used instead of the buzzer as the 
signal of the shock. 

On the morning of days 30, 31, and 32 and the after¬ 
noon of days 30 and 31, ten trials were given with shock 
alone, The animal was put in the box and presently 
the shock was administered. The animal was sliockcd 
until he managed to get across the fence, He was then 

*1 take this ocension to thank Dr, Warner for pcrmittlnR me lo 
Ills iippar^itus. 
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permitted to rest in peace for a minute, after which 
the shock was again administered until he crossed the 
fence, and so on for ten trials. These fifty trials and 
the first ten trials with the buzzer were considered 
preliminary training. 

On the afternoon of days 32, 33, 34, and 35 and the 
morning of days 33, 34, and 35, ten trials were given 
with buzzer and shock. On these trials the buzzer was 
sounded continuously, and if after ten seconds the rat 
had not crossed the fence, the shock was administered 
until he did. Then after an interval of from 45 to 70 
seconds another trial was given. The animal could 
and did jump across the fence between trials without 
incurring any penalty. He could also jump more than 
once when the buzzer was sounded. 

Records were kept of the number of times the animal 
crossed each time the buzzer was sounded and of the 
number of times that the animal crossed in the interval 
between trials. These were used as two separate scores. 
“Crossings to buzzer” was the number of trials, out of 
sixty, on which the animal crossed to the buzzer and 
escaped the shock, “Crossings between buzzers” was 
the number of crossings that the animal made during 
the time between trials. These scores were summed for 
trials 11-70. 

On the morning and on the afternoon of days 36-39, 
ten trials were given with light and shock. The proce¬ 
dure and results were analogous to those for the buzzer. 
Records were kept for all eighty trials, and gave the 
two scores “Cross to light” and “Cross between liglits,” 
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Columbia Obstruction Apparatus 
(Hunger Drive) 

The apparatus used in this test was tlie new model 
of the Columbia obstruction apparatus, described by 
Warden (37). This test was given on the afternoons 
of days 26-29. On days 26 and 27, after the afternoon 
trial on the latch problem box, each rat was put in the 
entrance compartment of the obstruction apparatus and 
was allowed to explore and cat in the apparatus for 3 
minutes. No shock was on, and the door in the alley 
between the entrance and goal compartments was re¬ 
moved. Food was placed in the goal compartment. 
The amount of time spent in eating was recorded and 
was combined into the score "Feeding on prelimin¬ 
aries." On day 28 the door was replaced, and the rat 
was allowed to make 5 crossings from the entrance box 
to the goal box without shock, getting a bite of food 
each time. On day 29 the animals, onc-day hungry, 
were allowed four crossings without shock, and on the 
fifth crossing the shock was turned on. The training 
up to this point constituted the preliminary training. 

After the shock had been turned on, records of the 
animal’s behavior were kept for a ten-minute period. 
Records were kept for each separate minute, and in¬ 
cluded approaches (orientations toward the goal com¬ 
partment), contacts (shocks received), and crossings to 
the food. 

Approximately the same shock was used as was used 
in the Columbia drive studies (36)—500 volts and .050 
milliamperes—but the results are not comparable. In 




Ill 

RELIABILITY 01- l‘EST SCORES 

Now we come to a consideration of the reliabilities 
of the various measures taken. In general, these were 
determined by correlating the sum of the scores on the 
odd days with the sum of the scores on the even 
daySj and correcting by the Brown-Spearman formula 

(R=-). Any deviations from this procedure will 

be noted in specific cases, 

Some recent workers in the field object to this 
method of computing reliabilities, saying that the cor¬ 
relation is rendered spuriously high by the presence of 
irrelevant correlated factors in the two halves of the 
test. This is a very sound criticism. However, the 
procedure is the most standard one, and any other that 
we might substitute for it suffers either from the same 
difficulty or from the difficulty of not c(»rrclating com¬ 
parable things. In the present case we at least know 
in which direction the error is likely to be, which is 
more than we can say for some of the other techniques. 
So we will correlate odd vs, even days, remembering 
that the correlations we get are probably too high. 

Let us go through the list of variables, considering 
the reliability obtained for each. 

Revolving Wheel 

Variable 1, The total score was the number of turns 
on days 2-S. The reliability was computed by cor¬ 
relating the number of turns on days 2 and S with the 
number of days 3 and L The correlation obtained 

[34] 
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was; Raw—,96, Corrected—,98, Apparently four 
four-hour sessions in a revolving wheel give one a very 
stable measure of that phase of a rat’s activity. This 
high reliability agrees well with the results of Shirley 
(21) and Rundquist (20). (Sec Table 1). 

Maze A. (Warnee-Waedeij) 

Variables Z, 3, 4, 5. The correlations are for odd uj. 
even trials on trials 2-11. 

Raw Corrected 


Var. 2 

*^A errors" (Forward into blind alley) 

.68 

.81 

3 

"B errors" (Retracing into blind alley) 

.53 

.69 

4 

"C errors" (Retracing true path) 

.78 

.88 

5 

Total time (Entrance box to goal box) 

.73 

.8+ 


The reliabilities here are fairly satisfactory. Though 
they do not measure up to those obtained with more 
difficult mazes and better controlled conditions by 
Tryon (34), Stone and Nyswander (27), and Heron 
(7), they are higher than those reported by earlier 
maze workers, and higher than the general run of those 
reported recently by Leeper (15). 

Maze B, (Warner-Warden) 

Variables 6, 7, 8, 9. The correlations are for odd uj. 
even trials on trials 2-9, 

llaAV Corrected 


Vsir. 6 

"A errors" 

.63 

.77 

7 

"B errors" 

.65 

.79 

B 

"C errors" 

.69 

.81 

9 

Total time 

.84 

.91 


It is interesting to note that in these mazes the retrac¬ 
ing errors give as high or higher reliabilities than the 
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forward-going errors, This may afford some con¬ 
firmation of the experimenter's feeling that "tameness" 
may enter into the score on a maze of this type and 
degree of difficulty as much as, or more than, "intcIU- 
gence." 

Maze C. (Elevated Maze) 

Variables 10,11, 12,13, PI. The correlations arc 
for odd vs, even trials on trials 2-9. 

Raw CoTiteted 


Viir. 10 

'•A errors” 

.31 

.47 

11 

errors” 

.36 

.53 

12 

”C errors" 

.32 

.49 

13 

Time to Sturt running 

.71 

.83 

14 

Time to run 

.31 

.47 


The reliabilities on this maze are all low, with the 
exception of "Time to start." The only consistent cle¬ 
ment of a rat's behavior on the elevated maze was the 
time that he remained still before beginning to run. 
Observation of the animals leads the experimenter to 
believe that this is, in large measure, a manifestation of 
tameness. The low reliabilities of the other measures 
may be in part a function of the timidity of the animals 
on the elevated maze. They seemed more susceptible 
to disturbance by environmental factors when they 
were up in an exposed position than when in the alleys 
of the Warner-Warden maze. 

Maze D, (Elevated Maze) 

Variables IS, 16 17, 18, 19. The correlations are 
for odd vs. even trials on trials 2-7. 

Raw Corrected 

Var. 13 "A errors" ,50 ,67 

16 "D errors" .37 .54 
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17 

“C errors" 

.20 

.33 

18 

Time to start 

.85 

.92 

19 

T/mc to run 

.38 

.55 


Again all the reliabilities are low except “Time to 
start." In the case of this maze, the low reliabilities 
may be due in part to the fact that the maze was very 
easy. It is interesting to note that the changed pattern 
of the elevated maze was learned very readily, while 
the changed pattern of the alley maze presented a great 
deal of difficulty. The floor plans were not exactly 
the same for the alley and elevated mazes and the re¬ 
sults may be due entirely to this difference in floor plan. 
But the possibility is suggested that different sensory 
cues may be used in the elevated maze. Commins (2) 
has also observed the readiness with which a second 
elevated maze pattern is learned. 

Jenkins Circular Problem Box 

Variables 20j 21, 22,23. The correlations are for 
odd uj, even days (5 trials per day) for trials 31-80. 

Corrected 


Var, 20 

Quadrants entered 

.57 

.73 

21 

Perfect trials 

.26 

.41 

22 

Time to start from entrance box 

.89 

.94 

23 

Time to run 

.82 

.90 


The score for perfect trials, as arbitrarily defined by 
the experimenter, seems to have little value. Some 
animals developed a very successful response to the 
problem which never satisfied the arbitrary definition 
of a perfect trial, while many perfect trials were ap¬ 
parently achieved by chance. Quadrants entered gives 
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a fairly consistent measure of a certain fraction of the 
animal’s activity in the problem box, though many 
phases of his activity do not enter into this score. The 
time scores give the highest reliabilities, and again 
“Time to start" seems to be a very reliable measure. 
Under the circumstances of this experiment, “Time 
to run" seems to be the best measure of learning the 
problem. 

The high reliability of these measures of the time 
that elapses before starting in on some performance, 
after having been put in the apparatus, seems very in¬ 
teresting. We shall see later that the three measures 
of time to start on different performances correlate 
quite highly. There seems to be an interesting and not 
widely advertised phase of the individual animal’s 
make-up which enters in here. 

Latch Proulem Box 

Variable Z4. In this problem the animals were run 
three trials a day, the trials being separated by an 
interval of from two to four hours. The reliability of 
the score was obtained by correlating odd vs. even trials 
for trials 3-12. For the time taken to get to the food, 
the reliability was; 

R.nw—.77 Corrected—.07 

Conditioned Response 

Variables 25, 26, 21, ZS. In these tests the animals 
were run ten trials at a time twice a day—in the morn¬ 
ing and again in the afternoon. The reliabilities were 
computed by correlating odd vs, even sets of ten trials. 
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This amounted to correlating the score on the morning 
trials with the score on the afternoon trials. Reli¬ 
abilities were obtained as follows; 

Raw Corrected 

Viir. 25 Cross to buzzer ,76 .87 

26 Cross bctvvccn buzzers ,82 .90 

27 Cross to liEbt ,82 .90 

23 Cross between lights ,80 .89 

Both the frequency of crossing to the stimulus and 
the readiness of the crossing response seem to be quite 
stable features of the animal’s behavior. A considera¬ 
tion of the intercorrelations, which we shall give later, 
suggests that frequency of crossing to the stimulus may 
be in large measure a function of the readiness of the 
crossing response. 

COLUMDIA OnSTRUCl'ION AI'PAIIATUS 

(Hunger Drive) 

Variables 29, 30, 31. This test was run for one con¬ 
tinuous period of ten minutes. The reliability was 
computed by correlating odd vs. even minutes. This 
reliability is the most questionable of any that we have 
obtained, because it seems hardly conceivable that 
many of the chance errors affecting the score on one 
minute would not affect the score on the adjacent 
minutes. However, the procedure is strictly analogous 
with that used in correlating odd vs. even items in a 
human test, and we shall use it here, remcinbei ing that 
the obtained reliabilities are almost certainly too high. 
The obtained reliabilities follow: 
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Rjiw Cofrey:tcU 

Var- 29 Approachtis .59 .73 

30 Contacts ,72 ,94 

31 Crossinf;^ ? 7 

In the case of crossings (Var. 31), less than a quarter 
of the rats crossed the grid even once, because the shock 
used was too severe. This being the case, a reliability 
coefficient seemed meaningless, and so was nol com¬ 
puted. 

The reUabilitLcs here are not very high, and are 
probably partly spurious, So probably we should not 
attach much significance to the results on this test. It 
must be remembered that the shock and procedure 
which we used were not standard for this apparatus. 

Feeding on Pheliminauies 

Variable 32. The reliability was computed by cor¬ 
relating the amount of time spent in eating on odd vs> 
even daySj as there were scores for two days on each 
piece of apparatus. The reliability was: 

■Ruw .65 Corrected 



IV 

INTERCORRELATION OF TEST SCORES 

We have seen to what extent the tests are reliable 
measures. Now we are interested in finding out how 
these measures are related to one another. For this 
purpose we need the correlations between the differ¬ 
ent variables. The intercorrelations were computed by 
the Columbia Statistical Bureau, The Bureau makes 
a practice of computing all correlations to four deci¬ 
mal places, but, inasmuch as the correlations were 
based on only sixty-four cases and the sigmas of the 
correlations were of the order of 0.1, the last two 
places have been discarded as meaningless. The table 
of intercorrelations for the thirty-two variables is 
given, to two decimal places, in Table 4. The raw cor¬ 
relations are given on the upper right-hand side, the 
reliabilities along the diagonal, and the corrected cor¬ 
relations on the lower left-hand side. 

In giving these correlations, it has been decided in 
an arbitrary and common-sense manner what shall be 
a "good” score for each variable. For example, in all 
the maze-error scores a good score is a low score, while 
for the revolving wheel a good score is a high score. 
Consequently, a positive correlation between the re¬ 
volving-wheel and a maze-error score indicates that the 
animal who runs many turns in the revolving wheel 
tends to make few errors in the maze. The following 
have been chosen as "good" scores: 

Revolving vvhccl— large number of turn!!; 

Mazes— lew errors or short time; 


[41] 
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Problem boxes— short time, few qundraiKs entered, and 

many perfect trials; 

CR— many crossings of the fence; 

Obstruction apparatus—many npproaclics, contacts, or crossings. 

Let us now examine the tabic of correlations. In 
the first place, most of the different measures from the 
same test (different types of errors, time, etc.) are 
closely correlated, especially for the ma/.es. The raw 
correlations are quite high, and when these arc cor¬ 
rected for the unreliability of the tests, many of them 
become greater than unity. For the Warner-Warden 
mazes the median raw correlation between different 
types of scores is about .82, and the median corrected 
correlation over 1.00. For the elevated mazes the 
same figures arc .54 and .96. Apparently these scores 
are all measuring much the same thing. Later we 
shall consider a condensed array of correlations, where 
several of these scores have been combined into single 
scores. 

When we consider the correlations between differ¬ 
ent tests, we observe that the great majority of them 
are positive and that most of them are quite small. Less 
than 15 per cent of the correlations arc negative, and 
no one of these is significantly different from zero. The 
mean of the raw correlations is ,18 and that of the cor¬ 
rected correlations is .27. This result agrees quite 
closely with a mean raw correlation of ,205 found by 
Dunlap (5) from his tests on chicks. 

The table of correlations shows us quite distinctly 
that the mazes are more closely related to one another 
than they are to the other tests, or than the other tests, 
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in general, are to each other. The average raw cor¬ 
relation between dilTerent mazes is about .30, arid the 
average raw correlation between two tests which are 
not both mazes is about .17. When we use corrected 
correlations the difference shows up in a more striking 
way. In this case the two figures are .46 and .19. 
Mazes have something in common which spreads to 
a much lesser extent to the other tests used. This was 
also found to be the case in the work of Commins, Mc- 
Nemar and Stone (3), and of Tomilin and Stone (33). 
The average intercorrelation of our mazes is somewhat 
less than they report. 

The relationship of activity (Var. 1) and “Feed¬ 
ing on preliminaries” (Var. 32) to the rest of the tests 
is rather interesting. There is some indication that 
the rat who is more active and who eats more readily 
in a new situation learns the maze better, has lower 
time scores on the problem box, and crosses the fence 
more readily in the CR apparatus. The same rela¬ 
tionship between activity and maze score was reported 
by Shirley (22), while Rundquist (20) found a neg¬ 
ligible relationship. 

Variables 13, 18, and 22 are of considerable inter¬ 
est. Each of these measures the time that the animal 
took to start going in some apparatus. That this trait 
is fairly consistent from one test to another is indicated 
by the correlations of ,54, .41, and .63 (corrected— 
.60, .47, .68) between these variables. These measures 
of time to start correlate with the other maze and prob¬ 
lem-box time and error scores, but not as highly as the 
time and error scores correlate among themselves. 
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A tabic of intercorrelations among .S2 variables is 
rather hard to analyze. There is so much detail that 
it tends to liide any general trends. It therefore 
seemed desirable to reduce the number of variables. 
We have seen that the three types of error scores for 
each maze were measuring much the same thing, so 
they might well be combined into a single score. We 
therefore combined the “A," “D," and "C" errors for 
each maze into a single variable. 

In combining the variables it was necessary to adopt 
some system of weighting, The simplest technique 
would have been to weight each variable equally, but 
this would have given undue weight to a variable in 
which the scores scattered widely. The next simplest 
thing WD\ild have been to weight each variable in in¬ 
verse proportion to its standard deviation. This would 
probably have proved perfectly satisfactory, and would 
have given results that differed only very slightly from 
those which we obtained by a somewhat different tech¬ 
nique. 

We shall illustrate the technique which we adopted 
by an example, Consider variables 2, 3, and 4. The 
ititercorrelations between these variables arc faa -- .79, 
r 2 i ~ ,88, r^A = .87. Wc form the table; 


M 

.79 

.8B 

S r 2.55 

.79 

.87 

.87 

2.53 

.88 

,87 

.88 

2.63 


7,71 




1 =:= 

.1298 

Ici .92 

.91 

.95 

22/ 

1 r= 

..V) 
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and fit a first factor to the array of correlations by 
Thurstone's center of gravity method of factor analy¬ 
sis (29). We obtain the factor loadings .92, .91, and 
.95 for the three variables. The scores on the variables 
are first reduced to standard scores (divided by their 
standard deviations), and then given weights equal to 
these first factor loadings, 

The intercorrelations between this new composite 
variable and the other variables are found from the 
correlations of the separate component variables by the 
foi'niula for the correlation of sums. [See Kelly (14, 
p. 197).] In this particular case, the formula takes the 
form 

(A-t+By-f Ce, v)) «=. - 

where A, B, and C arc the weights (i.c., the factor load¬ 
ings) of the variables x, y, and z. 

In this way, we combined the three error scores for 
each maze pattern into a single score. We also dis¬ 
carded several variables which were of low or un- 
knoAvn reliability, namely, variables 14, 19, 21, and 31. 
The correlations among the remaining 20 variables are 
given in Table 5. 

Again we see that most of the correlations are posi¬ 
tive, and that the negative ones are quite small. The 
correlations between mazes are all positive, with a 
median raw correlation of .36. The correlation be¬ 
tween time and error scores for the same maze arc quite 
high—.87 and .83 for the Warncr-Warden mazes, and 
lower for tlie less reliable elevated mazes. The cor- 
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relations between the different CR variables are quite 
high—median .64. Most of the other correlations are 
quite low. 

We have further combined the variables, in a more 
Of less arbitrary manner—reducing the number to 13, 
Variables 2 etc. and 6 etc. have been combined into a 
single alley-maze error score, variables 5 and 9 into a 
single alley-maze time score, variables 10 etc, and 15 
etc. into a single elevated-maze error score, and vari¬ 
ables 13 and 18 into a single elevated-maze time score. 
Variables 25 and 27 have been combined into a single 
jump-the-fence-tO'Stimulus score, and 26 and 28 into 
a single jump-the-fence-between-stimuli score. Vari¬ 
ables 29 and 30 form a single hunger-drive score. The 
same method of weighting was used as before, but as 
only pairs of variables were combined, this amounted 
to giving equal weights to the correlations of each vari¬ 
able. The correlations among the remaining 13 vari¬ 
ables are given in Table 6, 

TABLE 6 

Intercorrelations; 13 Variables 


Var. 1 

2,6 

S,9 

10,15 

13,IB 

20 

22 

23 

24 

25,27 26,28 29,30 

32 

1 

,22 

.13 

.20 

.2B . 

—.24 

.34 

.21 

.OB 

.2B 

.3B 

—.05 

.3B 

2,6 


.77 

.56 

.41 

.15 

.43 

.46 

.26 

,11 

.25 

.22 

.30 

5,9 



.43 

.63 

.04 

.64 

.55 

.25 

—.05 

.14 

.17 

.31 

10,15 




*42 

.07 

.40 

.31 

.32 

.22 

.16 

.09 

*37 

11,IB 





—.06 

.59 

.39 

.30 

—.02 

—.03 

.03 

.41 

20 






.02 

.39 

.07 

.25 

.17 

.06 

—.13 

22 







.S2 

.21 

.02 

.19 

.14 

.45 

23 








.21 

.U 

.31 

.23 

.31 

24 









.OB 

.04 

.10 

.19 

25,27 










.6B 

—.01 

.05 

26,2B 











.26 

.14 

29,30 












.12 


12 
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Examination of this table shows correlations bct\vccn 
the various maze scores ranging from .41 to .77, with 
a median at about .^O. The maze scores seem to be 
related fairly closely to the two Jenkins problem box 
time scores—the correlations range from .31 to .64 with 
a median at about .44. Slightly lower correlations ap¬ 
pear between the mazes and the latch problem box 
(.25 to ,32), the revolving wheel (.20 to .33), and the 
preliminary feeding (.30 to .41). The time scores for 
the Jenkins problem box are related to activity (.34 
and ,21) and to feeding on preliminaries (.45 and .31). 
Another interesting relationship is that between activ¬ 
ity and CR scores (.28 and .38). 



V 

ANALYSIS OF INTERCORRELATIONS 

The examination of the intercofrelations has so far 
been qualitative and subjective. Now let us see what 
we get when we apply current methods of factor analy¬ 
sis to the array of correlations, Of the various possible 
techniques, we have used Thurstone’s center of gravity 
method (29). Practice has shown that the results 
from this method approximate quite closely those ob¬ 
tained by Thurstone's (28) and Hotelling’s (8) more 
laborious techniques. We have checked on this for 
our 13-variable array of correlations by computing the 
first two factors by Hotelling’s method also and com¬ 
paring them with the results of the simpler method. 
These results will be compared later. It is sufficient 
to say that with our sixty-four cases the greatly in¬ 
creased labor of the other techniques did not seem 
worth while for the 32- and 20- variable arrays. 

A factor pattern was first fitted to the original array 
of correlations between all 32 variables. The factor 
loadings for the first three factors are given in Table 7, 

In order to obtain some idea of how many factors 
are needed to give an adequate fit to the array of cor¬ 
relations, the residuals after removing each factor have 
been tabulated. If we assume that the true correlation 
between any two variables is zero, then with our sixty- 
four cases the standard deviation of this correlation is 
.125. Working on the assumption that no true cor¬ 
relation remains among the variables after removing 
one factor, we determine how many of the obtained 

[51] 
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TAOLE 7 


Factor Loadimcs 

OV 32 VAftlAllMiS 

VorJablc 

\ 

Factor 

2 

3 

1 


.233 


2 

.759 

.299 

.037 

3 

.730 

.30B 

.061 


.6S2 

.404 

.090 

5 

.713 

.452 

.136 

6 

.656 

—.400 

J92 

7 

.611 

—.289 

J94 

8 

.608 

—.359 

.337 

9 

.563 

—.150 


10 

J79 

.350 

—..3+5 

11 

.432 

.486 

—152 

12 

.606 

.517 

—J20 

13 

.515 

.532 

.101 

H 

.557 

.658 

—039 

IS 

.452 

—.096 

.043 

U 

.50+ 

—.226 

.222 

17 

.525 

—252 

.271 

n 

.49+ 

.191 

.254 

19 

.623 

.068 

.106 

20 

.199 

—441 

—059 

21 

.086 

—484 

—201 

22 

.641 

aio 

.176 

23 

.650 

— 16B 

.112 

2+ 

.369 

—141 

.221 

25 

.397 

—2B9 

—769 


.350 

—216 

—462 

27 

.251 

—359 

—693 

2B 

,4^12 

—118 

—.563 

29 

.243 

—270 

,233 

30 

.292 

—232 

,100 

31 

.310 

—215 

.193 

32 

.464 

.272 

.017 


.212 

.112 

,088 


n 


residuals lie within I sigma (.125), 2 sigma (.250), 
etc., of the assumed true value of zero. This distribu¬ 
tion of residuals is then compared with the distribution 
to be expected by chance. If the distribution of resid¬ 
uals approximates what should be expected by chance, 
we have some justification in feeling that we have 
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fitted a sufficient number of factors to the table of cor¬ 
relations. 

For the 32-variable table of correlations the results 
were as follows: 



First 

Second 

Third 

Normal 


residuals 

residuals 

resjdunls 

probability 


% 

% 

% 

% 

Within I sigina 

59.4 

73.1 

78.4 

68.3 

2 

fl8.5 

93.6 

97.8 

95.4 

3 

96.0 

98.0 

99.6 

99.7 

4 

98.8 

99,6 

100.0 

100.0 

5 

99.8 

100,0 




From this table we can .see that the three factors re¬ 
duce the residual correlation between variables to about 
what would be expected to arise by chance alone. There 
may be some doubt as to whether the third factor is 
needed. 

Now let us examine these three factors in order to try 
to get some understanding of what they might be. In 
the first place, the first factor has a positive weight in 
every test, though some of the weights are very low. 
This shows that every test tends to be correlated posi¬ 
tively with the other tests. We must be cautious, how¬ 
ever, in interpreting this as a general factor among ail 
the tests; the slight tendency for all the tests to be cor¬ 
related may have arisen through some slight hetero¬ 
geneity of conditions among the different groups of 
animals and nothing more. This first factor is most 
prominent in the maze scores and in the time scores of 
the Jenkins problem box. Perhaps it should be con¬ 
sidered maze-running ability, rather coiuaminatcd 
with activity, tameness, and possibly hunger. 
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The second factor seems to be a temporal factor, in 
that most of the tests that occurred early in the experi¬ 
mental routine have positive weights and those that 
occurred late in the training have negative ^vcigllts, 
Since it discriminates the earlier from the later tests, 
we might name it a transfer factor. 

The third factor seems to discriminate the CR testa 
from the rest of the tests. They have large negative 
weights, while most of the rest of the weights are rather 
small negative or positive ones. The four CR scores 
were obtained in the same apparatus, at the same part 
of the schedule, with only slightly different conditions, 

TAJ3LK 8 

Factor Loadings of 20 VAniAiiLBs 


VdiIaMc 

1 

FAClor 

2 

3 


.414 

,101 

,23i 

2, J, 4 

.684 

-.136 

.490 

s 

.690 

—.293 

.439 

<, 7, B 

.612 

—.227 

—.2*2 

9 

.570 

—.468 

—.312 

10 , Hi 12 

.SOB 

.005 

.598 

13 

,491 

—.311 

.390 

li, 16, 17 

.459 

—.031 

*024 

19 

,539 

—.405 

—.013 

20 

,177 

.152 

—.361 

22 

.69B 

—.332 

—.056 

23 

.716 

—.167 

—.319 

24 

.366 

—.113 


25 

.46B 

.756 

—.010 

26 

.435 

.508 

—.090 

27 

.331 

.801 

—.135 

29 

.556 

.595 

—.220 

29 

.264 

—.243 

—.379 

10 

.278 

—.043 

—.112 

32 

.469 

—.126 

.254 

Xk' 




n 

.259 

.136 

,0H6 
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The apparatus was very different from any of the 
other pieces used, The motivation was escape-froin- 
shock instead of hunger. Under these conditions it is 
not surprising that the four CR scores have factors in 
common which do not extend to the rest of the tests. 

Now let us see what we get when we fit the same type 
of factor pattern to the 20-variable array of correla¬ 
tions. The factor loadings for three factors appear in 
Table 8. 


As in the case of the 32-variable array, we compare 
the residuals with the correlations to be expected by 
chance: 



First 

Second 

Third 

Normal 


residuals 

residuals 

residuals 

probability 

Within 1 sigma 

/o 

53.7 

/o 

73.5 

/o 

91.1 

/o 

68.3 

2 

84,7 

94.1 

97.4 

95.4 

3 

96.3 

99.0 

100.0 

99.7 

4 

99,5 

100.0 


100.0 


Here again, three factors seem to be adequate, with 
the third of doubtful importance. 

The factors seem to be open to about the same inter¬ 
pretation in this case as in the case of the 32 variables, 
except that the second and third factors have been in¬ 
terchanged, In this case, the second factor is the CR 
factor and the third factor the transfer factor, if we 
choose to adopt this interpretation of them. 

Tlie number of variables was further reduced to thir¬ 
teen. In fitting a factor pattern to these, only two fac¬ 
tors were fitted. As we shall sec presently from a con¬ 
sideration of the residuals, two factors seemed ample 
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fof this set of correlations. 1 he factor loadings appear 
in Table 9- 

TAIILE 9 


Factor 

Loadings 

OK 13 Variaiilus 




Facior 


Variable 


1 


2 

1 


.+12 


.0£1 

^ eic., 6 


,727 


—Ml 

5. 9 


736 


—.353 

10 etCi. 15 ciC, 

.606 


—761 

I3| IB 


.597 


—.444 

2Q 


774 


779 

ZZ 


.752 


—.323 

21 


.773 


—.023 



Ml 


— 

25, 27 


.362 


.707 

2fi, 2B 


.501 


.773 

2?, 30 


.2^9 


.047 

32 


,497 


—764 

Xlc* 





n 


,307 


.127 

In this case we 

have the residuals for only the first 

two factors: 

First 


Second 

Normal 


residuals 


residuals 

probabilily 


% 


% 


Within 1 siemn 

6S.4 


05.9 

68.3 

2 

93,6 


97.5 

95.4 

3 

98.8 


100.0 

99.7 


In, this case the first factor seems to be the factor of 
what is general to the various tests, highly weighted for 
the maze scores and for the time scores on the Jenkins 
problem box. The second factor gives a large positive 
weight to the CR scores, and negative weights to most 
of the rest of the scores. The scores having the largest 
negative weights are time scores. It is not surprising 
that we find no considerable transfer factor with this 
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group of variables, as we have combined the first and 
second patterns of the mazes and of the CR test into 
single scores. 

At this point let us compare the factor pattern ob¬ 
tained for the 13-variable array by the Thurstone cen- 
ter-of-gravity method with the one obtained by Hotel¬ 
ling’s method. The factor loadings for the two methods 
are given in Table 10. 

TABLE 10 


Factor Loadings of 13 Variarlbs 


Yarjnblc 

Factor 1 

Thurstone Hotelling 

Factor 2 

Thurstone Hotelling 

1 

.41 

.49 

.06 

.21 

2 etCij 6 etc. 

J3 

.74 

—.16 

.01 

5i 9 

.74 

.BO 

—.35 

—.26 

10 ctc.i 15 etc. 

.61 

,60 

—.16 

—.01 

13, IB 

.60 

.69 

—.44 

—.39 

20 

.17 

.12 

.18 

.32 

22 

,75 

.81 

—.32 

—.IB 

23 

.71 

.75 

—.02 

.07 

24 

.37 

.41 

—.13 

—.08 

25, 27 

.36 

.23 

.71 

.83 

26, 28 

,50 

,39 

.77 

.80 

29, 30 

.25 

.26 

.05 

.12 

32 

.50 

-55 

—.16 

—.12 


We see that the loadings differ somewhat in detail, 
but that the general pattern is about the same in both 
cases. This is seen if we arrange the variables in order 
of size of the loadings for a particular factor and com¬ 
pute a rank-difference correlation between the orders 
obtained by the two methods. The correlation is found 
to be over .95 for each factor. The loadings by Hotel¬ 
ling’s method all tend to be shifted somewhat, but in 
most cases the shift is in the same direction for each 
variable. Using this method docs not seem to change 
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or add to our essential results. 

Perhaps a graphic prcsciitation of the factors will 
show up certain relationships which the numerical re¬ 
sults do not readily show. Where three factors have 
been fitted, a tri-cliinensioiial figure would be required 
to show up the relationships. The factors can be shown 
in bi-dimensioiial form by taking them in pairs. Wc 
have done this for the case of 32 variables. In tlic 20- 
variable and 13-variable factor patterns, wc have 
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FIGURE 4 


graphed only the first two factors. In the graphs, 
each variable is represented by a point. The identify¬ 
ing number of the variable is above the point, vvhere- 
cver possible. 

When we examine the graph of the first two factors 
for the 32 variables, we notice first of all that the differ¬ 
ent measures taken on the same piece of apparatus tend 
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to cluster together. We find all the different scores for 
maze A, or for the CR apparatus, or f<)r the Columbia 
obstruction apparatus in the same general locality. We 
can also see that the earlier tests tend to be in the upper 
half of the cluster. Finally, most of the right-hand 
half of the cluster is composed of maze and problem- 
box scores. 

The striking characteristic of the clustering for fac¬ 
tors one and three is the separation of the CR tests from 
the rest of the cluster, 

The graph for factors one and two of the ZO-variable 
array of correlations is very similar to that for lactors 
one and three of the 32-variablc problem just con¬ 
sidered. The CR scores are isolated from the rest of 
the scores. It is interesting to note that the five scores 
furthest removed from the CR scores arc time scores. 
In this case, the second factor appears to distinguish 
between rapid running of a maze or problem box and 
frequent crossings of the fence in the CR apparnius, 

The 13-variable graph resembles iliat for 20 vari¬ 
ables and shows the same trends. 

We may make one more approach to the analysis 
of the intercorrelations by finding to what extent fac¬ 
tors conimon-to two different mazes and those common 
to two different problem boxes, for instance, are com¬ 
mon between the mazes and problem boxes. We use 
the more general case of Spearman’s attenuation formu¬ 
la, which takes the form 

Community of a and b with x and y — 
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Comparing the two alley mazes with the two ele¬ 
vated mazes, we find a community of ,98 for errors 
and .94 for time. Comparing scores on two different 
mazes with time scores on two different problem boxes, 
we get communities ranging from .70 to l.OOH-, with a 
median at .91. On the other hand, when we take two 
maze or problem-box scores and get the community 
with two CR scores, the communities are very low. 
Four comparisons made at random give communities 
of .36, .11, .00, and .27. Likewise, when we consider 
the community between the two hunger-drive scores 
and a pair of maze, problem-box, or CR scores, we get 
sample results of .43, .27, .25, and .36. 

This analysis suggests that the different mazes and 
problem boxes have very nearly the same factors in 
common, but that most of the factors common to the 
CR scores or to the hunger drive scores are common to 
those scores alone. 



VI 

DISCUSSION 

Our results htvvc slvo\vi\ a 5 ;ciiei‘al tendency for dif¬ 
ferent abilities ill the same rat to be correlated. Tlic 
relationship between dilTereiit mazes is considerahlc - 
the median corrected correlation hciwccn scores on the 
different mazes that we used being about .45. But 
the relationships between tlie other tests are generally 
slight. The general tciulciicy for correlation is con¬ 
firmed in the work of Dunlap (5), and the higher re¬ 
lationship among mazes is in accord with the work of 
Commins, McNemar and Stone (3), and of Tomilin 
and Stone (33). 

When wc fitted factor patterns to our array of inter- 
correlations, using three factors, the first factor was 
weighted positively for each variable, anti seemed to 
be composed of what was common to all the variables, 
especially what was common to the mazes and problem 
boxes. Another factor seemed to be a factor of trans¬ 
fer, or improved atljnstment to the situation. The iliird 
factor seemed to be concerned chiefly with the CR tests. 

The experimenter feels, from his observation of the 
rats at work, that a very important element in most of 
the time scores, and even in the error scores at the be¬ 
ginning of the test, was the "tameness" of the animals. 
It was obvious that some rats "knew" the maze long 
before they started to make perfect trials. The scores 
of the poor rats were probably poor largely because 
they were nervous in the maze and slightly conditioned 
against the food box. The scores of the good rats were 
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probably more nearly measures of their ability to learn 
the maze. Tims, the maze-learning score would not 
be a hoinogencous function, but would measiue "in¬ 
telligence'' for good rats and "tameness” for the poor 
ones. 

Under these circumstances, it seems possible that the 
first factor is this combination of "intelligence” and 
"tameness” which goes to explain the scores. We 
might call it "docility.” The "transfer" factor might 
be thought of as a change in the relative importance of 
tameness in the scores of certain rats, It might repre¬ 
sent the decreasing importance of tameness and the in¬ 
creasing importance of ability in the later scores. 

The CR factor seems to be concerned largely with 
these tests, and is probably due in large part to the 
common apparatus and procedure and to the contiguity 
in time of these tests. The high correlation between the 
scores on jumping the fence to the stimulus and jump¬ 
ing the fence between stimulations suggests that our 
training has merely increased the readiness of the re¬ 
sponse, instead of attaching it to a particular stimulus. 
What we have called "conditioned-response” scores 
may be measures of irritability or sensitivity to shock 
rather than of learning. In tliis connection, we observe 
an appreciable correlation between these scores and 
activity as measured by the revolving wheel. 

In conclusion, it must be remembered that any num¬ 
ber of factor patterns can be fitted to a set of correla¬ 
tions such as these, and that many of them will give 
about as satisfactory fits. Even if wc admit these par¬ 
ticular factors as the best ones, there may still be con- 
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siderable latitude in interpreting them, We must 
realize that the factors as they stand do not coincide 
with unitary biological traits, and at best only approxi' 
mate such traits. We must look upon any names that 
we apply to individual factors purely as convenient 
tags, to be viewed with considerable distrust. 



VII 

SUMMARY AND CONCLUSIONS 

1. Records were obtained for sixty-four albino rats 
on a wide variety of tests, including mazes, problem 
boxes, revolving-wheel activity cage, conditioned-re¬ 
sponse tests, and a measure of hunger drive. 

2. The reliabilities of the various scores were de¬ 
termined, in most cases, from the scores on odd and 
even days corrected by the Brown-Spearman formula. 
With the exception of the scores for running the ele¬ 
vated mazes, most of these corrected reliabilities were 
fairly high (.70 to .95). 

3. The intercorrelations of the different tests were 
computed. These were found to be positive in about 
85 per cent of the cases. Most of the correlations be¬ 
tween different tests were quite low, except for the cor¬ 
relations between different mazes. The median correla¬ 
tion between mazes was about .45 or .50 while the 
correlations between tests which were not both mazes 
had a median value of about .20. 

4. A factor pattern was fitted to the intercorrcla- 
tions by Thurstone’s center-of-gravity method. More 
than one factor seemed necessary in order to get a satis¬ 
factory fit. The following factors were tentatively 
identified; (1) docility—maze-learning, intelligence, 
tameness; (2) transfer—^distinguishing early from 
later tests; (3) a factor specific to the different CR 
scores. 
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L'ORGAnISATION DU COMPORTliMENT CHEZ LE KAT DLANC 

On a lesl^ soixante-quatre raU bUnca, dgjSs dc aoixqiile joura, dans dix 
divers np^iareils. On a lealfe lea anlmaux sur deux formes dii labyrinilic 
k unUda muUipIcB de Warncr-Warden, dnix fonne& d'ua InbyrimUc Meve, 
deux types dc boitc 4 probldnic, deux tcata dc r^puiiae condiliomicllc, Tap- 
pnreU d’obatnicliDn de Columbia avee une Impulsion dc faim dc vingt-cjuaire 
hcurCB, ct 1ft cage d'aciivk6 4 tune lournamc, Quciquca^ims dca tcBU oni 
dnnni plusieiira dilTcrents types dc r^sullnia, dc soric que I'on a obtenu dcB 
dix teats trenic-dcux risultnis dc temps, d'erreur, et dc distance. 

Dana In pJupnrt dca cna on a d^termind lea couaioincca dea divera r^imUnls 
nu mtjyen des rdsuluta Ics Jours paira cl impnirs corriRdfl par In fonmile 

■ BiTDwn-Spcnrmnn. A Tcxccjulon dcs rdmiluis du pnrcoiirs du litby- 
rintho elcv6, In plupntt dc cca conatancea corrigfica ont ad assex dlcvdca, 
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c'est-A-dire, de 0,70 h C,95. Lea rdaultatii dea tests n*ont paa inllucncifl 
dUme fa^on maiqudc par les variations quotidicnnca clu Tcndcment. 

On a compute lea intcrcDrrdlntiana dea divers Uste* Ccljca-ci sc lonl 
montr^es positives dans environ 95 pour cent dea caa, ct niillc dea corfdla" 
tions negatives n'fl coiistDniinent diffirente dc nullc. Ln phipiJrt dea cor- 
i^Jations entre lea divers teata ont did nsaez pen dievfica, A Texception dea 
corrdlntiona entre lea divers labyrinthca. Ln corrdlntion mddinne corngdc 
entre lea labyrinthca n dtd d’environ 0,45 ou 0,50, Inndis que lea corrdlrtliona 
corrigdea entre lea teala qui n'ont png dtd toua deujc (lea labyrinlbcs onl eu 
ujie vnleur tnedianc d'enviroii 0,20* 

On a. rtjiistd une forme de troia fncteiirs mix corrdlationa enirc lea trcntc- 
deux variables, et auasi A une afirie rWiiitc de corrdlations entre vingt 
variables, au moyen de la mdfhode dii centre dc gravity de T'hurstonc, Lc 
premier facteur a eu iin poida poaitif pour chacune dea variables, et a acmbld 
BUrtout aaaocid bux iabyrinthea ct aux boitea A probldme. Lc deuxiime 
facteur a donnd dcB poida positifs aux premiers testa et dea poida ndgnilfH 
aux subsequents. Le trolsidmc facteur a donnd de grands poids ndgnLifa 
aux tests de rdponae condltionnelle et de petita poids ndgatifa ou poslLifH A 
tous lea autres. Le& troU facteurs ont provlaionncUcmcnt idenilKlAB 
comme (1) Isi capacitd en train d'etre teatde—I'apprcntiaaagc dii labyrlnlhc, 
^Tititelligence/' “la docilitd," (2) un facteur de ''irnnafcrt,” diacriminant 
entre les premiers tests et les aubsdquents, ct (3) un iactciir qui a cii surtout 
rapport, paratt-ll, aux testa de rdponse condltionnelle. 

TnoRNUlKH 

DIE ORGANISATION DES VERHALTENS DER ALRINORATTE 

(Rcferat) 

Vierundseclizig Albiimrattcn im Alter von aeclizig Tagcn wurden in zclm 
verachiedenen Apparaten unteraiicht. Die Ticrc wurden bci zwei Miistcrn 
des Warner-Wnrder vielfaclicn Einhcitslabyrintlia, zwei Mustern dea crliQ- 
benen Labyrinths, zwei Artcn des Problemknstcns, zwei bcdinglon Ant- 
wortstesta, dem Columbia Hindcrniaappanit nacli vicriindzwnnzig SUmden 
Futterentziehung, und dem Drchradtiitlgkcitskiifig unlcrsucht, Kinigc Ver- 
suche ergaben mehrerc Typen von Ergcbniaaen. Auf dicacr Weise wurden 
im ganzen zweiunddreissig Zcil- , Irrtum- , und Entfernungswerte von den 
zelin Versuchen gewonnen. 

Die Zuverliissigkeitcn der verachiedenen Rcaultntc wurden bestunmt; in 
den meisten Fallen wurden Ergebniase an gcradcii uiid ungeraden Tngen 
durch die Brown-Spearman Formel verbesaert. Mit der Ausnnlime der 
Ergebnisse fCir das erhobene Labyrinth wnren die meisten dieacr verbcsacrlen 
2!uYerla8aigkeitcn zicmlich hoch, d.h. 0,70 bis 0,95. Die Ergebniase wurden 
durch tfiglichc Veranderungen der Leistuiig nicht ungcbuhrlich bcein/lussL 

Die Zwiachenkorreladonen der vcrachictlencii Vcraiichc wurden aiisge- 
rechnet. Es wurdc festgestcllt, dass diesc In ungcfiilir BS Prozent tier Fdllc 
positiy waren, und keinc der iiegativen KniTcIntioiieii zuvcrlNsaig ver- 
schieden von Null war. Die meisten Korrelnlionen zwisclicn den vcrscliic- 
denen Vcraudien waren gnnz niedrig, mit der Ausnnliiiie der Korrelnlionen 
zwischen den verschicdeiien Lahyiinthcn. Die vcibcSHcrle DurcliHclinius- 
korrclntion zwischen den Lnliyriiithcn war ungcfaiir 0,45 odcr 0,50 wiilirend 
dio verbesaerte Koirclationcn zwischen den Veisuclieii. die nicht von beiden 
Labyrmthen wnren, eineii Durclischiiilt.nvcrt vnn ungcfaiir 0,20 bniien. 

Dna Gebilde von drei Fnktoren wurdc den Korrclntioncn zwischen den 
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KWciundclrci&siR Vnrinbjcn pnsucnd gcinncht, unil aiicli einer vcrmindorleti 
Reilic Von Korrelnuoncii zwjschen zwaiizi^ Vqriabicn vcrmiUelbt dcr 
Thurstone Schwcrpunktmcihndc (centcr-of-gravily rne(hod), Dcr erato 
Faktior hnttc cit\ positives Gcwicht £ijr jede dcr Vnriablcn und acluen be- 
BOndera niit deh Lnbyrlnihcn iiml P rob I emit n a ten in Bcxicbimg ku atehen, 
Der zweite Faktor ergab poaiiivc Gcwlcluc bci tlen friilicrcn Verauchen 
nnd ncgniivc Gcwichtc bci den fiiiiUcrcn. Dcr driUc Fnktor ergnb grosae 
ncgnlive GewJcbte bci den bcdinglcn AntWorlavcrgucbcn Lind klpiiic nega¬ 
tive oder positive Gcwiclitc bei den nndcren. Die drci Faklorcii wurdeti 
probend idontirizlert ala (1) die unicrduclitc rahlRkcU^-daB Lcbyrinthlcrnen 
'Tntelligenz/' "Fuganmkeit," (2) cin Faktor dcr "Obertragung," dfl& Un- 
terBchcidcn zwUclnjn den (riihcrcn und apiltcren Verauebenj und (3) cin 
Faktor, dcr gich sclieinbor bcsondcra auf die bcclingun AiU^vorlavctauche 
bezog. 
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I 

INTRODUCTION 

The accurate determination of sensory limens in ani¬ 
mal subjects is interesting from three points of view. 
First, with a knowledge of the limits of sensory acuity 
of the subject the investigator does not make the error 
of setting problems before the organism which are in¬ 
soluble simply because it does not have the sensory 
capacity to respond to the critical stimuli. Also, the 
results of former investigations may be more correctly 
evaluated in the light of accurate information regarding 
the sensory capacity of the animal used. Second, while 
the comparative anatomy of receptors is often cited 
as evidence of similarity of sensory capacity, this evi¬ 
dence is not nearly as conclusive as that from studies 
of comparative behavior. Limen determinations made 
under similar conditions offer perhaps the best basis 
of comparison of the receptive capacities of different 
forms. Third, limen determinations with animals make 
possible the veriheation of certain general principles 
of the action of receptors which have been established 
mainly for man. From these three points of view 
probably no field offers problems more interesting than 
that of vision. 

Even in the most casual observation one is impressed 
with the apparent keenness of vision of the monkey. 
His rapid shift of gaze, his close visual examination 
of new objects, and his deft manipulation of himself 
and parts of his environment suggest that he must see 
things clearly. His arboreal habitat in the wild and 
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his agile play on bars and swings in captivity seem to 
require that his vision be accurate and effective. That 
this is the case has long been the assumption of those 
interested in primate behavior. 

Morphological evidence gives further support to this 
assumption. Binocular vision is an indication of the use¬ 
fulness of the eye mechanisms. It has often been pointed 
out that in the primates there is an increase in the neu¬ 
ral tissue associated with the visual function at the 
expense of that associated with olfaction. The anatomy 
of the monkey eye is similar to that of man and other 
primates. [See Hartman and Strauss (6) for an ana¬ 
tomical description of the eye of the Rhesus monkey.] 
In a study of the differentiation of the retina in various 
primates Wollard (19) made sections from three areas 
of the retinas of different primates. By comparison of 
the number of conducting segments, the degree of in¬ 
termixture of rods and cones, and the extent and per¬ 
fection of the fovea, it was not possible to differentiate 
the following primates with any degree of validity: 
man, chimpanzee, Gercocebtis ftdginosns, Gehus faluel- 
lus, marmoset, and the Rhesus monkey. On the basis 
of retinal structure, then, we might expect the vision of 
these primates to be about equally good. 

Behavioral evidence obtained in the laboratory is 
also indicative ot well-developed vision in monkeys. 
Johnson (10) has studied the visual acuity of the Cebus 
monkey and found that it could discriminate white and 
black striae when they were in the ratio of 1:1.02 in 
width at two absolute levels of width. Kliiver (12) has 
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performed tests of visual acuity on a number of differ¬ 
ent kinds of monkeys, and though no limens were de¬ 
termined keenness of vision was indicated in all sub¬ 
jects. Form vision has been studied by a number of 
different investigators including Bierens dc Haan, 
Kliiver (12), Watson (18), and most recently by Nect 
(12). All these studies have demonstrated the ability 
of the monkey to respond to small differences in size 
and shape of visual stimuli almost as well as man. Al¬ 
though color vision has been studied by Hess, and 
under better experimental conditions by Watson (18) i 
the results so far indicate only that the monkey does 
respond to color differences; no chromatic limens have 
been determined. For a more extensive treatment of 
vision in monkeys and in primates in general see War¬ 
den, Jenkins, and Warner (16), 

While more or less satisfactory work has been clone 
on other forms of vision in the monkey, brightness dis¬ 
crimination has received little careful experimental 
study. Kinnaman (11) trained two young Rhesus 
monkeys to make a differential response to food con¬ 
tainers around which pieces of grey papers of known 
brightness were placed. Flis results indicated that a 
difference of 9 per cent between the brightness of the 
papers was necessary for discrimination. Haggerty’s 
(5) investigation gives further indication that the mon¬ 
key distinguishes differences in brightness, though no 
limens are presented. Shepherd (14) used black and 
white cards as differential stimuli with monkeys, and 
Kliiver (12) has employed varying shades of grey 
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papers of known bfightness as stinauli in choice re> 
sponses made by monkeys with the pulling-in tech¬ 
nique. Up to the present time, however, there has been 
no study in which the ability of the monkey to dis¬ 
criminate differences in brightness has been systemati¬ 
cally explored over one or more absolute levels and 
limens determined. 

The present experiment was planned to make such a 
study of fhe brightness sensitivity of the Rhesus mon¬ 
key (^Macacus 7nulatttis). In carrying out this program 
it seemed best to detcntiine discrimination limens al 
several levels over the middle range of daytime vision 
with tlie light-adapted eye. It was hoped in this experi¬ 
ment to sec if the brightness-sensitivity curve for the 
monkey is similar to that of man, with particular 
reference to the manner in which the relative differ¬ 
ence threshold varies over the range of brightness used. 
As seen from the above discussion of the literature, this 
represents the first attempt at a study of this type in 
monkeys. 



II 

METHOD AND PROCEDURE 

The present experiment was carried on in the Lab¬ 
oratory of Comparative Psychology, Columbia Uni¬ 
versity, and was in progress from December 15, 1933, 
until August 15, 1934. Four Rhesus monkeys were 
trained in a discrimination set-up to reach for food to¬ 
ward the brighter window of a Yerkes-Watson light- 
discrimination apparatus. Limens were determined 
from the composite results of a number of experimental 
periods during which the subjects were required to 
judge stimuli of progressively decreasing brightness 
difference, Experimentation was done in a dark room 
which was especially designed for testing sensory ca¬ 
pacities in animals. It was located on the quiet or 
campus side of the building and was fitted with double 
doors leading into the hallway and lightproof doors in 
front of the window. These lessened the noises coming 
from the outside. The walls were treated with a sound- 
absorbing material which served to deaden the noises 
made inside. The experimental room was connected 
with the vivarium by a public hallway through which 
the animals were brought in a rubber-tired truck to 
and from the apparatus. The animal subjects were 
housed in the primate section of the vivarium and were 
kept under uniform conditions throughout the experi¬ 
ment. 

It will be convenient to discuss the method anti pro¬ 
cedure of this experiment under the following head¬ 
ings: 
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a. Apparatus. 

b. Subjects. 

c. Preliminary procedure. 

d. Procedure of the experiment proper. 

Apparatus 

The apparatus used in this experiment was con¬ 
structed in four parts, the photometer, the incentive- 
box, the reaction-cage, and the control-table. In Fig¬ 
ure 1 three of these parts are represented together in 



5£cr/omL 
figure 2 

Sectional Views or the Apparatus as Arranged for Homan 
Subjects 

Top sectional view showing photometer box P, incentive box /, 
screen, Sc, and seat for observer. The legeiul is as in Figure 1 
above, 

B. Schematic view looking through opening in screen (or through 
shutter Dpcniiig of animal reaction-cage), tlirougli the glass (hiors 
of die incentivc-box (Reward-Gigc), to the stiinulms patclics at ilia 
end of the photometer. Strips of paper arc indicated as pasted over 
the lower edges of the glass doors of tlic incentivc-box. 
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isometric projection, the control-table being omitted. 
Figure 2 gives a diagrammatic view of the apparatus, 

A.C DC D.c. 

[I0v, 2v- lOv. IWv, 


9 ? p r 



FIGURE 3 

ScHDMATic Wiring Diacram op tub ArPARAxus 


TIi 6 devices on the control-tabic 
The three sources ol power are 
2-10 Vi DiC., and 110 Vj D.C, 
M.S. master switch in llO 
V. A.C. line, 
j switches for op- 

li 2 ana 3. 

eratlon of resistances, 

Ri a and fl. resistances for use 
With different bulbs in 
photometer, 

^pi photometer bulbs 

in light carriages. 

F voltmeter. 


arc encloBcd within the broken line, 
represented at the top, 110 v. A-C., 

The legend is as ioHowa. 

5i/,;.douhlc pole double throw 
magnet switch. 

Ml and 2. magnets on incentive 
box. 

Lp 2-v, lamp on control-desk. 
ii«rf a ^ photo¬ 

meter slides. 

switch operating dome 
light. 

Loo. dome light in rcaction-cagc 
or over human screen, 

FMt blower /an motor. 
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exclusive of the control-table, as modified for use with 
human subjects. In Figure 3 a schematic wiring dia¬ 
gram of the electrical appliances used in the experi¬ 
ment is represented. The four main divisions of the 
apparatus, its modifications for use with human sub¬ 
jects, and the calibration of the photometer and illumi¬ 
nation devices are described in separate sections below. 

The Photometer, For quantitative measurement and 
presentation of the visual stimuli the light-box de¬ 
signed by Yerkes and Watson (20) was used. The 
apparatus will be referred to hereafter as the pho¬ 
tometer. Certain minor modifications of the light car¬ 
riages and the mechanism for moving these from the 
outside were made, though the essential nature of the 
device was preserved in the form described by the de¬ 
signers. The work, of Graham and Nafe {4) with 
human subjects on intensity discrimination with the 
Yerkes-Watson apparatus has indicated that it is not 
a very reliable nor a very accurate instrument for 
studying brightness vision. The absolute limens which 
they determined were high and the variability was 
great. As shown by the results we obtained with hu¬ 
man subjects (see pp. 142-146), the limens we deter¬ 
mined were a good deal lower and more consistent 
over the levels tested. Our experimental technique 
differed from that of the above investigators, a fact 
which may in part account for the difference in results. 
The absolute values and the consistency of the limens 
which we obtained with human subjects make us feci 
justified in using the apparatus. It is conceivable, of 
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course, that nriother sort of light apparatus might have 
yielded slightly lower limens for hath animal and hu¬ 
man subjects. 

The photometer consisted in an oblong \v<i(>deii box 
87 ins. Jong, 24 ins. vvitlc, and 12 ins, high, heavily con¬ 
structed of pine stock. It was divided length¬ 

wise by a partition in. thick down the center, and 
was covered by two wooden hinged tops. Round open¬ 
ings, 4 ins. in diameter, were made in the rear end of 
each side of the photometer and were covered by brass 
Aubert diaphragms. The front end of the photometer 
was closed save for a horizontal opening running the 
entire width, Sj4 ins. in height Outside this hori¬ 
zontal opening w'cre fitted brass guides into which two 
pieces of flashed opal glass (.1-16 ins. thick) were 
placed one In front of each side of the photometer. A 
strip of wood separated the ends of these pieces of glass 
from each other. The whole photf)mcter was mounted 
on a standard laboratory table 31/ ins. high. 

The lamp carriages were made of wood so treated 
as to slide noiselessly in the photometer. The base of 
each consisted of two parallel strips 10 ins. long and 
3 ins. wide and separated by a space ^4 in. wide. The 
strips fitted on either side of an iron rail which served 
as a guide along the floor of each side of tJic pho¬ 
tometer, On this double base was mounted a vertical 
piece carrying a pasteboard face covering the entire 
cross-section of one side of the photometer. On this 
■face was mounted a standard-size incandescent bulb 
socket (fpr a discussion of bulbs used see the section on 
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calibration below), so fitted as to be capable of motion 
in the horizontal plane. It was located at such a height 
that the horizontal axis of a bulb placed therein was 
always in a plane bisecting the opening in the front of 
the photometer covered by the opal glass. The electric 
lamp cords attached to the sockets of the carriages were 
fitted with rings which were strung on brass guide 
wires, one on each side of the photometer, Movement 
of the carriages nroved the ring slides and thus took up 
the slack in the lamp cord. 

In order to move the lamp carriages from outside the 
photometer a system of cords and pulleys was arranged. 
To one side of the photometer, on the outside, were 
fastened three wooden strips running the entire length 
of the photometer, one 1 in. wide and the other two 2 
ins. wide. They were separated by two spaces, each 
in. wide. Into these two spaces were fitted two wooden 
slides with bakelite bases, arranged so as to move the 
length of the photometer in these tracks. A brass edge 
was attached to each slide projecting out over the 2'ins. 
strips. Two-volt lamps were fitted to each slide and 
covered with small metal cylinders allowing the escape 
of only a small beam of light on each of the strips. By 
means of cords running over pulleys each of the slides 
was connected with one of the light carriages. Wire 
rope was first used over the pulleys, though since it was 
found that this frayed quickly, a good grade of manila 
cord, showing little tendency toward stretching, was 
finally adopted. With occasional replacements due to 
wear this cord proved satisfactory. The wooden strips 
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between which the slides moved were covered with 
paper on which scales of the different brightness levels 
were laid off. 

At the rear end of the photometer was fitted a paste¬ 
board box to which the frame of a large Westinghousc 
electric fan was attached. Holes were bored in the 
sides of the photometer near the forward end, and were 
covered by hoods to prevent the escape of light. With 
the Aubert diaphragms open at the rear end of the pho¬ 
tometer, and the fan in operation, a draught of air was 
forced through each side of the photometer, past the 
light carriages and bulbs, and out the ventilator holes 
in the sides. This forced draught ventilation system 
prevented overheating of the bulbs. The fan in opera¬ 
tion. also served as an effective sound screen. 

In front of the Hashed opal glass plates covering the 
forward openings of the photometer was fastened a 
steel rack. In this rack was placed an aluminum 
stimulus shifter, free to move back and forth across the 
face of the photometer. The shifter was fitted with 
two acid-blackened brass plates with square openings 
at their centers ins, on a side. The whole unit was 
similar to the stimulus adapter described by Yerkes 
and Watson. The shifter remained throughout the ex¬ 
periment in a constant position so that the brass plates 
outlined the stimulus patches of flashed opal glass. The 
patches were 1 in. apart. Since the subject’s eye was 
from 9 to 11 ins. from the stimuli during the experi¬ 
ment, the stimulus patches subtended a visual angle of 
5 or 6 degrees. The photometer was treated inside with 
several coats of dull black stain. 
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The Znc engine-Box. The incentive-box was a device 
designed by the writer for presentation of the reward 
in close proximity to the stimuli. It might be used in 
manual discrimination set-ups with various sorts of 
visual stimuli. It was an oblong black box, 17 ins. 
wide, 4^ ins. long, and 10^ ins. high. A partition 54 
in. thick in the center of the box divided it into two 
compartments each 8^4 ins. wide and 4^ ins. long. The 
partition did not extend all the way to the floor of the 
box since clearance was left for the sliding tray which 
moved along the bottom of the box. In this tray were 
made two wells spaced so that when the tray was 
pushed into the incentive-box one well would be in 
each compartment. With the tray in this position no 
light could pass from one compartment to the other. 

The incentive-box was mounted directly in front of 
the stimulus adapter on the end of the photometer. 
It was easily detachable therefrom by the removal of 
two bolts. The central partition of the inccntivc-box 
was in the same vertical plane as that of the pho¬ 
tometer. In the front and back of the incentive-box 
two openings were made, 554 ins. x 3j4 ins. dirccfly in 
front of the stimulus patches defined by the brass plates 
in the stimulus shifter. The rear pair of openings in 
the incentive-box were left open, while the front pair 
were fitted with clear plate-glass doors, 7x53-16 ins. 
in dimensions, % in. thick, which overlapped the edge 
of the opening. They were made of Viia Glass, a pro¬ 
duct of the Vita Glass Corporation of TZew York. It 
is represented to have a transmission factor of .92 over 



90 


MEREDITH PULLEN CRAWFORD 


the visible range, and almost as high in the ultra-violet. 
The doorswere hinged at the top and opened inward as 
viewed from the front of the incentive-box. 

To the outer edge of each of these glass doors was 
bolted a strip of soft iron, 4 ins, x in. x in., pro¬ 
jecting ^ in. below the lower edge of the door. On the 
front face of the incentive-box, in the lower corners on 
either side, were mounted two electromagnets, each 1^4 
ins. in diameter, and with a curved axis making an 
horizontal length of ins. The soft iron laminated 
cores of these magnets projected through holes in the 
face of the incentive-box and came into contact with the 
free ends of the soft iron strips attached to the glass 
doors. "When these magnets were supplied with sufli- 
cicnt current, they cither held shut or firmly locked the 
glass doors, depending on the strength of the current 
supplied. 

Thus in front view the box showed two identical 
glass doors, each directly in front of a stimulus patch 
on the end of the photometer. Through the door ac¬ 
cess to the food tray just below was gained. When one 
door was shut and the other locked with the difFereii- 
tial electric current supplied, no visible cue was offered 
the observer indicating which door was shut and which 
one locked. This view is represented schematically in 
Figure 2 B. 

On the narrow strip separating the two glass doors 
on the face of the incentive-box was mounted a wooden 
blind, 6 ins, high, ^ in, wide, and projecting out from 
the incentive-box 3^ ins. This blind projected the 
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same distance from the incentive-box as did the two 
electromagnets and their wooden bases. Around the 
front part of the incentive-box, attached to the sides, 
top, and bottom, and projecting out therefrom, was a 
piece of ^-vn. 16-gauge wire netting. This was open 
only at the place where the food tray slid out of the 
incentive-box. The whole box was painted a dull 
black inside and out. Strips of black velvet cloth and 
cardboard were placed at points where the light was re¬ 
flected from the stimulus patches. Two strips of black 
paper were placed over the lower part of the glass 
doors to prevent light from falling on the ledge just in 
front of the door, and to prevent the animal subject’s 
direct vision of the food in the tray. 

The Reaction-Gage, The platform which supported 
the reaction-cage was placed directly in front of the in¬ 
centive-box. In Figure 1 the reaction cage is drawn 
away from the incentive-box in order to show the latter 
more clearly. During the experimentation the ends of 
the naagnets on the incentive-box were almost touching 
the forward end of the reaction-cage. The movable 
platform on which the reaction-cage rested was 13^ 
ins. high and its top was 45 ins. long and 30 ins, wide. 
Four casters with 2-in. wheels were mounted at the 
bottom of the legs. The platform was satisfactovily 
solid even though mounted on casters. 

The reaction-cage was built on a framework 2 ins. x 
2 ins, square, and had dimensions of 30>4 ins, x 27^ 
ins. and 30>!4 ins. At one end was placed a wooden 
shutter mechanism, consisting of an opening in the for- 
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ward cage wall 11^4 ins, x ins., through which the 
animal could sec the stimulus patches and reach 
through the glass doors to the food tray in the incentive- 
box, and a vertically sliding shutter operated by a cord 
running over a pulley above. A small window in the 
shutter, 2 ins. x 1 in., allowed the animal to look at the 
stimulus patches but not reach for the doors when 
the shutter was raised halfway. Access to the cage was 
gained through a door in the other end, extending the 
full height of the cage and opening outward. On this 
door was fitted a smaller vertically sliding door to 
facilitate the transfer of animals from the transfer 
truck directly into the reaction cage. 

On the roof of the cage ran a transverse piece to 
which was attached an electric bulb standard-size 
socket and a 6-in. desk-lamp reflector, called hereafter 
the dome light, The illumination furnished by the 
dome light in the reaction cage will be discussed be¬ 
low in the section on calibration. There was no floor 
in the reaction-cage since it rested directly, and with¬ 
out fastening, on the platform. There was an auxiliary 
platform of adjustable height which was placed in the 
reaction cage on the platform top for use with small 
animals, enabling them to reach the shutter opening 
when in a standing position. The reaction-cage was 
covered with ^-in, planking except for a part of one 
side, the top, the doorway, and shutter opening. A half- 
inch wire netting, 16-gauge, covered the side, top, and 
lower part of the door. Window screening, painted 
white, covered the wire netting. When the experimen- 
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tal room was darkened and the dome light turned on 
this screening acted as a one-way light screen. The 
inside of the reaction-cage, top of the moveable plat¬ 
form, and adjustable auxiliary platform were painted 
flat white, and the outside a darker color. 

The Conirol-Table, The control-table was placed 
beside the forward end of the photometer scale and 
near the incentive-box, Its location was such that all 
the routine adjustments of the apparatus during ex¬ 
perimentation, including observation of the subjects’ 
responses, could be made with the minimum of move¬ 
ment by the experimenter. The table was 30 ins. high 
and had a top 33^ x 21 ins. On the control table were 
located electric switches, resistances, a voltmeter, and 
a small 2-v. lamp socket to give light for record¬ 
ing. The various electrical appliances used in the 
apparatus were all operated from the control table. 
Each was connected in one of three circuits, of dif¬ 
ferent power supply, as indicated in the wiring dia¬ 
gram given in Figure 3, The devices both on and 
off the control-table are represented in that figure. It 
will be convenient to indicate the connections of the 
three circuits separately below. 

1. The 110-v. A. C. Circuit. The bulbs on the light 
carriages of the photometer were supplied witJi A. C. hnv- 
ing a voltage fluctuation of 2-3 v. A master switch 
Figure 3), a voltmeter (V), three variable resistances (/fi, 

R 2 , Ra), and switches for each Sn^, iS«n), and 

switches for ciicli photometer lamp (5/.^, were lo¬ 

cated in convenient places on the control-tnbic. 

2. The llO'V D. C. Circuit. The bulb in the dome 
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light of the reaclion-Cftgc (or over the screen used with 
huninn subjects)» find the electric Inn were operated on 
I lO-v D.C., which eltowcd a fluctuation of 3*4 v. A 
switch (Spi) operating the light was located on the con^ 
trol-table, 

3. The 2-10‘V, D, C. Circuit. The locking rnngneta 
on the inccntivc-box, the lights on the photometer slide, 
and llic control-table light were operated on D.C. 
obtained from storage batteries. 2 and 10 voita were sup¬ 
plied to the arms of a double pole, double throw switch 
(S^ra) whose opposite binding posts were connected to the 
two magnets on the incentive-box (jI/i, In one 

position of Ssfcit Mi would have a 2-v. potential impressed 
upon it and n 10-v. potential, and in the opposite direc¬ 
tion of the switch the potentials in the two magnets would 
be reversed, This served to close one door and to lock the 
other with a single movement. When the mngncLa were 
in operation (i.e,, during n discrimination response), the 
lights on the photometer slides L^^^) and the desk 

light (L/,) in the 2-v. circuit in parallel were made very 
dim. 

All electric lines to and from the control-table were 
fitted with plugs and sockets so that the control-table 
could be easily disconnected from the rest of the ap¬ 
paratus. Beside the control devices permanently at¬ 
tached to the control-table, a stopwatch, container for 
food reward, and record blanks were on the table dur¬ 
ing experimentation. 

Modifications of Ihe Apparatus for Use with Human 
Subjects. For use with human subjects the reaction- 
cage was replaced by a white screen made of wallboard 
fastened to a wooden frame. The top of tJie screen 
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itood 53 ins. and the bottom 27 ins. from the floor. At 
the center of the screen was an opening, x ^ ins,, 
covered by a shutter, operated up and down by a cord 
and pulley. The screen was placed directly in front of 
the incentive-box. When the shutter was up a view was 
afforded through the screen opening and incentive-box 
glass doors to the stimulus patches. This view is repre¬ 
sented in Figure 2 B. From the usual position of the 
human subjects’ heads the stimulus patches subtended 
a visual angle of about 5'- 

A lampshade was placed above and in front of the 
screen in relatively the same position with respect to 
the shutter opening in the screen as was the dome light 
in the reaction-cage to the shutter opening there, A 
Seat in front of the screen was so arranged for the hu* 
man subjects, the small 2-v desk lamp and the shielded 
the stimuli through the shutter opening, were in the 
same relative position as that of the animal subject. 
A burlap screen was placed at tlie subjects’ left, between 
them and the experimenter at the control-table, and a 
wall of the room was at the right. Thus, in effect, the 
enclosure was similar to that within the animal reaction- 
cage. 

As noted above, me whole apparatus was used in a 
specially constructed dark-room, which was treated 
for sound deadening, though not soundproof, It was 
darkened during the experimental period except for 
such light as came from the dome light of the reaction 
cage or the light in front of tiie screen used with hu¬ 
man subjects that their head and eyes, when regarding 
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photometer slide lamps, and, of course, that which 
came from the stimulus patches at the end of the photo¬ 
meter as it shone through the incentive-box. 

Galibralian of the Apparatus, The Macbeth Illum- 
inometer was used for measurement of brightness in 
the apparatus. For calibration of the photometer a 
wooden crosspiece was mounted on the end of the blind 
on the incentive-box. This carried a notch at cither 
end into which the object end of the illuininomctcr 
was fitted in such a manner as to point toward the 
stimulus patches. It was thus insured that the ilium- 
inometer when fitted into the notches always pointed 
in a constant direction, and that this direction corre¬ 
sponded to a subject's line of vision when regarding 
the stimuli. The measurements were made at about 
the distance from which the subject regarded the stim¬ 
uli. It is known, however, that slight deviations from 
a constant direction of pointing of the illuminomcter 
would not affect the brightness readings. 

For any determination of brightness of the stimulus 
patches six or more readings were taken on each patch, 
the observations being made alternatively on both 
sides, and the settings of the illuminomcter scale being 
made in ascending and descending directions in irreg¬ 
ular order, The experimenter had had considerable 
practice in using the illuminomcter before the final 
calibration readings were made. During measurement 
of the stimulus patches constant reference was made to 
the voltmeter in the photometer circuit, so that any 
fluctuations were quickly compensated for by a change 
in the proper resistance, The A. C. line supplying 
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the photometer bulbs was found to fluctuate two or 
three volts in either direction. Occasionally this change 
was sudden. 

When calibration of the photometer was begun it 
Was observed that the brightness over the whole area 
of each of the stimulus patches was uniform in so far 
as could be observed with the illuminometec. The 
characteristic curve of the whole photometer was first 
determined, using 40-w. bulbs in the lamp carriages 
operated at 106 v. It was found that this curve was 
far from what would be expected if the photometer 
followed the inverse square law. Modifications, such 
as a reduction in the amount of reflection from the in¬ 
ner walls of the photometer, were made and the char¬ 
acteristic curve redetermined. This time it was found 
more closely to approximate the inverse square rela¬ 
tionship, though by'no means exactly. Therefore, the 
assumption of the inverse square relationship over 
even a limited part of the photometer was considered 
unwise. Since this was the case, together with the fact 
that different-size bulbs were used at the different lev¬ 
els, it was necessary to calibrate the photometer for 
each brightness level separately. The approximate 
value of the standard brightness at each level was de¬ 
cided upon and then the photomoter calibrated around 
Standard brightnesses as near these as was convenient. 

Three sets of bulbs were used for the four levels. 
These appear in Table 1 below. It will be observed 
that the bulbs were operated at voltages below their 
normal ratings. This was done in order to decrease 
the change in their brightness due to age. As noted 
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'rMlLE I 

Dulds and Their Oi-bkatino Voi-tabes Used at Each 
Hrightness Levei, 


firlghfricaa 

level 

Slnndnrd 

brightness 

llulbn ii9cd 

Operating 

voliagc* 

I 

Q.0BC4 iwillUAm- 
berts 

7-w, VVcHiiig- 
hou&c internni 
frosiing- 

111 

ir 

0,7769 millilam^ 
berts 

KMv, Ci.H* 

iriierndl frogling* 

106 

in 

7>146 milliUm^ 
bcrla 

dO-w. CJ.K. N5a7.c]ii 
internal frosting. 

106 

IV 

55.3 milliiam- 

bcrla 

3G0-\v, Ci.E. Miizcln 
clear. 

9d 


■The opcraiinR volia|i;i! wns siibjcrt l<i incrcatc >vlicn ii wnn abicrved 
that ihc bull) lind become dimmer with use, 


the voltage was increased when the bulbs showed signs 
of becoming dimmer. The particular voltages were 
chosen in order to give a color match at the stimulus 
patches with tlic standard field color of tlie Macbeth 
Illuminometer, This was a yellowish white and was 
uniform over the four brightness levels. Replacement 
of a pair of bulbs because of deviation from the adopt¬ 
ed standard was necessary only in the case of the 40-w. 
pair used at levels II and HI. A pair of bulbs was 
accurately matched before use in cither side of the 
photometer. 

The following procedure was adopted in the cali¬ 
bration for each brightness level. Positions of the 
lamp carriages were first determined at which the stan¬ 
dard brightness was given at the stimulus patches. 
The pulley cords were then adjusted so that the slides 
were at corresponding (opposite) points on their re¬ 
spective scales. A rough determination was then 
made to locate the scale position of what probably 
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would be the brightest step at that level, The dis¬ 
tance between the standard and this brightest position 
on the scale was divided into equal linear units and de¬ 
terminations of brightnesses made with each of the 
slides at each of these division points. Five or six such 
determinations were made on separate days and tlie 
brightness of each step was expressed as a multiple 
of the standard brightness as determined that day. Av¬ 
erages of these determinations were then made and a 
calibration curve for the photometer over that limited 
range and with that size bulb was drawn, relating 
brightness increment to linear distance on the scales. 

From this curve points were laid off on the scale to 
indicate slide positions at which, when one slide was 
at the standard position, and the other at one of these 
positions, various steps of brightness difference would 
be presented between the two stimulus patches. Ob¬ 
viously, the patch on either side of the photometer 
might be made brighter by reversing the positions of 
the slides. The steps of difference in brightness used 
at the four levels were chosen as indicated in the chap¬ 
ter on results, the particular range being chosen after 
preliminary rough determination of the magnitude of 
the subjects’ limens at that level, When calibration 
of the photometer was complete, the scales each bore 
four sets of markings, one set for each brightness level. 

It was also necessary to measure the average bright¬ 
ness of the light in the animal reaction-cage and on 
and about the screen used for human subjects. This 
was done in a manner similar to the calibration of the 
photometer. “Illumination maps’’ of the screen and 
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cage were made showing the distribution of bright¬ 
nesses over the various parts of the cage and screen. It 
was found that when a 25-w, internaljy frosted G.E. 
Mazda bulb was placed in the dome light of the reac¬ 
tion cage an average brightness of 1-12 millilambcrts 
was present over the forward wall about the position 
of the shutter opening. On the side wall to the left 
the average brightness was only 1-3 millilamberts. This 
was caused by the presence of the screen through 
which a good deal of light passed. On the wall to 
the right the illumination was about as on the front 
wall, falling off toward an average value of 2-3 milli¬ 
lamberts toward the rear. On the rear wall the range 
was from 1 near the floor to 8 at the maximum, about 
two-thirds the way up. Thus the average brightness 
about the walls of the cage was in the region of 4-6 
millilamberts. The floor, being of a darker color be¬ 
cause of wear, measured 1-3 millilamberts. Since the 
animal was free to move about in the reaction-cage, 
and could easily look directly at the dome light, the 
possible range of the brightnesses to which he might 
have been exposed was a good deal greater th.in indi¬ 
cated by the brightness of the walls alone. The light 
when observed at a distance of two inches was as bright 
as the standard of level IV or brighter, being over 50 
millilamberts, The average level of brightness over 
the whole volume of the reaction cage, then, would be 
difficult to determine. At least we may say that the 
range was from 1 to more than 50 millilamberts. The 
illumination conditions on and around the screen used 
for human subjects were essentially similar to those in 
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the animal reaction-cage when the same bulb waa used 
in the reflectors of the dome light and the screen light. 
Also, the human subjects were free to move their heads 
and eyes about in the illuminated field between dis¬ 
crimination responses. 

Subjects 

The subjects used in this experiment were seven 
young Rhesus monkeys (Macaca mulatta), two human 
adults, and one human child. The human subjects 
were Richard, a graduate student in psychology who 
had experienced considerable practice in brightness 
discrimination through use of the Macbeth Illumino- 
meter previous to and during this experiment; Rob¬ 
ert, also a graduate student in psychology who had 
had no particular practice in a brightness-discrimina¬ 
tion experimental set-up; and Mary, a girl of seven 
years who was in the second grade. 

Three of the seven animal subjects were used for 
preliminary standardization of the apparatus and were 
thereafter discarded. Four new animals were used 
in the experiment proper, two being used just before¬ 
hand for the investigation of some problems in me¬ 
thodology. In this section are given excerpts from the 
protocols of each of the four animals used in the ex¬ 
periment proper, and then an account of the care and 
handling of the monkeys. 

Pro/oco/s, 

I/ecior. Male. WcikIu 9 lbs. Estimated aRG 3-4 
years. Plector was purchased from Louis Riilic Iiic., at 
wFiosc animal farm he had been kept for an uiikiiuwn per- 
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io<l. There ho \\\iA expericncetl (’ornl Ip.inJliny, for ^vhcn 
hrauglit tq the lahtiTiiLnry he wns very lame. He 
intraduccJ into tlic appjiraius vti ihc ihirj liny after his 
tirrival, nrid hecamc a unnd worker in a short lime. He 
was active while in ihe reaction cajic heuveen ih^rriminn- 
tion respniiseSi thoiij^lt uiiunlly aiieiuivc at reaction limcji, 
Hiij rcjsponses were clear cut, as he willulrew intn the re¬ 
action caijc immciliately after making lus response. He ap¬ 
peared to he in excellent health ihnmuhout the experiment 
and showed no sjp:iis of loss of motivation or interest. Me 
was more docile when handled hy the cxpcriincnicr than 
any of tlic other animals, 

Z)/Vo. Female. AVeijrht Ihs. Estimated 

ai^c 4-5 yrs. This animal had been in the lahorniory since 
June 1933, but had not been handled before November 
of tlmt year. She was just at the hcj;inninp[ of adolescence 
as indicated by the two irrcf^ular menstrual periods whicli 
occvirrcil between April 24 and 20 nihl heisveen July 19 
and 20- These were the first observed. Her performance 
during the menstrual periods isufiercd in no observable 
manner in the experimental apparatus, Dulo was given to 
excessive movement, (cinling behavior, and activity 

which would indicate wildness, In the apparatus her re¬ 
sponses were the least clear cut of nil the nnlmals. Slic 
attempted to touch both glass doors in ipiick succcHsion, or 
to reverse her cluiicc in ease uf iu\ error. She tried to lean 
far out of the re action-cage when making a di.scrimlnation. 
Early in the experiment it was suspected that this animal 
was responding to the illumination within the Inccritivc-box. 
J^odifications of the box were made to decrease the re (lec¬ 
tion therein, and to limit the aniniars view to little more 
than tile stimulus patches. Though disturbed at Jirst by 
these modifications, the animal soon regainiid licr fonner 
accuracy. Her responses liccamc mure clear cut for a time, 
thougli toward tjic uiid of ilie experiment they again lost 
their distinctiveness. It was necessary Lo force the si nit ter 
down oil Dido's head in order to induce her to withdraw 
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into the reaction-cage aitcr making a response. Ihis 
procedure did not sc^em to hurt her. She never permitted 
handling by the experimenter, While she nppcarcJ to be 
a nervous «animai» wild and iintractabJci sJie sliovvcd ns low 
limens as any animal in the group. Her motivation was 
good throughout, except for a series of eight experimental 
periods at the beginning of the testing on Jlriglitncss Level 
HI when she showed an aversion to work, 

Menelaus, Male. Weight 7^2 lbs. Estimated age 
3 years. Menelaus was purchased from Louis Riihe, Inc,, 
being obtained soon after his arrival from the wild. When 
brought to the laboratory he experienced his first baud ling. 
He appeared tractable, and after two weeks preliminary 
training was introduced into the apparatus. Because of 
his relatively small size it was necessary to introduce an 
auxiliary platform on which he could stand in order to 
reach easily the slmttcr opening when in tlic standing po¬ 
sition. He ndapted speedily in the preliminary training. 
During the experimentation lie remained quiet between 
discrlnilnatioii responses, and responded quickly oji the 
opening of the shutter. After 20 experimental periods on 
Brightness Level I he lapsed into a position halut (if irreg¬ 
ular nature, changing his preferences from day to day. 
Though he showed improvement after 10 cxpcrinicntal 
periods he never regained his formev accuracy before the 
experiment was discontinued. Menelaus always appeared 
timid and did not allow direct hanclling by the experi¬ 
menter, 

Ulysses, Male. Weight lbs. Estimated age 

2j^-3 yrs. Ulysses was obtained from William Bartel, 
dealer, being brought to the laboratory soon after he came 
from the wild. He was the youngest subject and tlic Inst 
one brought to the laboratory. His initial adaptation re¬ 
quired tlirec weeks, and his preliminary training in tiu? aji- 
pavatws required more time than any of the otlici' aniiualSr 
His performance was at first slow, but became rapid anil 
clear cut, though sojnewhat lacking in accuracy. He ex- 
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periciiceci more Jifficulty tlian nny of ihc others in trnns- 
/crring; from one briglitness level tu nnollier. nnd since he 
lost so much time, was used on only levels II| IV, and III, 
in that order, In the apparatus he sat quiet, thouf'li ,ap- 
parcntly ‘‘suspectinK the worst." Hecause of his stiinll size 
he too was used on the auxiliary platfonn in the rcttclion- 
cage. He appeared in good health tliroughmit, 

Care and Handling of /Ininial Subjects, The ani¬ 
mals were housed throughout the experiment in the 
primate section of the vivarium of the laboratory. Each 
was kept in a separate cage, 35^ x 27J^ x 30^4 ins., 
made of galvanized iron and fitted with an iron-mesh 
door extending over the whole front. In the rear, 
just in front of a grilled window, was a wooden shelf 
for perching, The cages were equipped with move¬ 
able wire floors, with pans thereunder containing saw¬ 
dust. The cages were cleaned and sawdust removed 
and changed twice a week by the laboratory attendant, 
The vivarium faced north and had no direct sunlight. 
The animals enjoyed, however, a half-hour exposure 
to a General Electric Sunlamp (Model B, vertically 
adjustable, type S-1 bulb), each day. 

The typical daily routine for the animals is outlined 
below. During the summer, from July 10 to August 
15, only one experimental period was used. The 
routine was the same as that followed during the win¬ 
ter except for the omission of the afternoon periods of 
experimentation. The schedule follows. 

7;00 n,m. Cage denning and exercise. 

8:30-11:00 a.m. Morning experimentntion. 

Morning feeding immediately niter 
end] nnimnl line! finished with liis cx- 
pcrimcnt.'il period. 
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12:00 Noon feeding. 

2:30-5:00 p.m. Afternoon experimentation. 

5 :1S p.m.| Evening feeding. 

The diet of the animals was one that has been Stan¬ 
dardized in the Columbia Laboratories and has been 
found satisfactory for keeping the Rhesus monkey in 
good health over a number of years. For a more de¬ 
tailed account see Fjeld (3). At the morning feed¬ 
ing every day the animals each received a half pint of 
warm milk mixed with eggs in the proportion of two 
eggs to a quart of whole milk. At the noon feeding 
they received a piece of whole-wheat bread, an Irish 
or sweet potato, or an equal amount of boiled rice. 
These were given on regular days, the bread on Sun¬ 
day, Monday, Wednesday and Friday, the Irish pota¬ 
to on Tuesday, the rice on Thursday, and the sweet 
potato on Saturday. Also at the noon meal the mon¬ 
keys received small pieces of carrot or beet, and a let¬ 
tuce leaf or piece of celery. Each animal showed an 
individual preference for the greenstuffs and was fed 
accordingly. For the evening feeding each animal 
was given a 3-4 oz. piece of banana with skin, sliced 
and sprinkled with a mixture of bone meal and Adex 
tablets, the latter containing cod liver oil. The con¬ 
dition of the faeces was vised as an index of the suit¬ 
ability of the diet and general health of the animals. 
No water was supplied in the cages as this was found 
unnecessary. Occasionally, on very hot summer days, 
the animals were given small quantities of water with 
their evening meal. 

On arrival in the laboratory each animal was fitted 
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with a leather belt to which a li^^ht chain was attached. 
For preliminary handling the leather belt was placed 
around the neck to insure mure direct control of the 
animal by the experimenter. After isolation in a 
cage with regular feeding but without handling for 48 
hours, the taming process was begun. The animal 
was led into the runway and into the adjoining room 
where it was fed raisin, apple or peanut or one of its 
regular meals by the experimenter. An increase in 
the excursion through the laboratory and a lengthen¬ 
ing of the handling period was made on successive days, 
When the animal could be led witliout protest nnd 
could be fed manually lie was cemsidered ready for in¬ 
troduction into the transfer truck. 

The transfer truck consisted in a closed wooden box, 
11 X 13 X 10 ins., mounted on legs 45 ins. from the floor, 
and these on rubber tired casters, ICntnuJcc was gained 
through a vertically sliding door, covered with wire 
mesh. The box was closed ollierwise, 'I'lie truck 
was baited inside with food anti the animal was in¬ 
duced, by coaxing or pulling the leash, into the truck. 
This was accomplished usually at the evening feeding, 
when it was required of the animals that they enter the 
truck in order to obtain pieces of banana. The mon¬ 
keys were trained to bop directly from their living 
cages or from the floor into the truck. When prolicient 
at this the animals were considered ready for imrodue- 
tion into the experimental apparatus. 

The leather belt was transferred from the neck to 
the waist and the chain nltnchcd thereto was shortened 
to a 6 in. length, and fitted with a ring on the end. To 
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this ring a longer leash was snapped for handling. 
After the animals were well accustomed to the trans¬ 
fer truck and to the experimental apparatus, the belts 
were removed and the animals left entirely free. It 
was found unnecessary to handle the animals directly 
during the entire course of the experiment proper. 

Preliminary Piiocedure 

In this section we will describe the training of the 
animal subjects in the apparatus, the training in the 
discrimination response, and the results of some prelim¬ 
inary experimentation with two of the four animals 
used in the experiment proper. 

Each animal, when first brought to the apparatus in 
the transfer truck and introduced into the reaction 
cage, found one of its regular meals therein. The 
room had been darkened, the dome light turned on, and 
the blower fan set in operation. After one to four 
days’ feeding in this manner the animal was introduced 
into the empty reaction-cage from the transfer truck. 
The shutter opening on the forward end of the rcac- 
tion-cage was opened and the experimenter gave the 
animal food piece meal through the shutter opening 
in front of the incentive-box and the illuminated stim¬ 
ulus patches. The animal was trained to approach the 
opening as soon as the shutter began to move up and 
to reach for food. The food was first liamled to him 
and later placed on the ledges in front of the glass 
doors of the incentive-box. After the animal became 
adept at reaching for food on the ledges, the doors 
were placed ajar and held so by a piece of food. The 
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monkey lenrned to reach for the partially invisible 
food and to become accustomed to the motion of the 
glass door as it closed when the animal's hand was 
withdrawn from the incentive-box, Then, by degrees, 
the food was placed further and furtlicr from sight 
toward the bottom of the inccntivc'box on the food tray 
therein. Finally it was placed directly in the tray 
and the glass doors closed in front of it. If the ani¬ 
mal would not push open the door to reach for the 
food, as was the case in all instances, the experimenter 
opened it manually in the view of the animal. After 
10-20 such tuitional trials the animals learned to reach 
through the glass doors for the invisible food. During 
this training both doors were unlocked and both stim¬ 
ulus patches illuminated. The dome light in the re¬ 
action-cage was extinguished during the time when the 
shutter was up and the animal was reaching for the 
food. After the reaching response was well estab¬ 
lished the training in brightness discrimination was be¬ 
gun. 

At first each animal was presented with only one 
illuminated stimulus patch, the other one being in com¬ 
plete darkness. The monkeys learned to respond to 
the lighted side in a relatively small number of trials, 
ranging from 35 to 87 for the several animals. On the 
next step of training both the stimulus patches were 
illuminated, the brightness ratio of the two stimuli 
being 17:1. The absolute brightness of the dimmer 
light, the standard, was 0.7769 millilambcrts, the stan¬ 
dard brightness of level II in the experiment proper. 
The difference in brightness between the stimuli was 
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diminished on the following experimental periods. The 
successive steps of descent presented the following ra¬ 
tios of brightness between the patches: 11.8 : 1| 6.43 : 1, 
5.02 :1, 2.B9 ; 1, 2.68 :1, 2.01 :1, 1.97 -. 1, 1.86 ; I, 
1.73 :1, 1.50 ; 1. In some instances training was con¬ 
fined during a single experimental period to one 
brightness ratio, while on other periods two to four ra¬ 
tios were presented successively in descending order. 
When an animal had made 27/30 correct responses 
at any stimulus ratio that ratio was eliminated from 
subsequent presentation. 

This training was continued with each of the ani¬ 
mals until they were able to give 27/30 correct re¬ 
sponses to a brightness difference in the ratio of 
l.SO : 1, In the case of Hector 979 choices were made 
on all brightness ratios, from light-darkness down 
through the 1.50 : 1 ratio before this norm was at¬ 
tained. Dido took 857 responses to attain this criter¬ 
ion. Menelaus required 913, while 894 brought Ulys¬ 
ses to a performance of 24/30 correct choices when 
presented with stimuli whose brightness were in the 
ratio of 1.73 :1. The modified method of limits, to 
be described below and which was the standard pro¬ 
cedure for the experiment proper, was used with Ulys¬ 
ses at this point. He was given 786 choices by this 
method as further training before the experiment 
proper was begun with him. 

In this preliminary training, as well as in the main 
experiment, two kinds of food were used as incentives. 
Small cubes of fresh apple and small raisins were 
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placed singly in the food iray of the incentive box It 
was found in former experimentation in the Columbia 
Laboratory (3) that apple aiul raisin are among the 
preferred foods of the RJiesus monkey, I’lie incen¬ 
tive value of these fruits remained high ihrouglituu the 
experiment. 

TJie only punishment that was used for incorrect 
responses was the failure to get the reward, The 
animals were trained to withdraw immediately into 
the reaction-cage after touching the wrong glass door 
and finding it locked, Occasionally the wooden shut¬ 
ter was forced down on the head of an animal W’ho did 
not withdraw immediately into the cage. It was found 
unnecessary to use any more drastic form of punisli- 
ment for wrong responses. 

After the training of the brightness discrimination 
response described above, and before the experitnent 
proper was begun, two subjects, Hector and Dido, 
were used to work out certain points of experimental 
method, In order to determine which psychophysi¬ 
cal method might prove most useful in this experiment, 
three modifications of the method of limits were tried, 
These are discussed in order below, 

1. A series of four positions of the variable stim¬ 
ulus was chosen so that a brightness difference be¬ 
tween the variable and the standard (DI/I) was rep¬ 
resented by the following fractions: 0.60, 0.38, 0,24, 
0,16. To both subjects, Hector and Dido, this stim¬ 
ulus series was presented in descciuliiig order ciglit 
times in n single experimental period. This is the us- 
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ual method of limits when approaching the limeii 
from one side only, The results of eight experimental 
periods were grouped and psychophysical curves 
drawn relating percentage of correct choices to stim¬ 
ulus differences. The curves were typical of psycho¬ 
physical data. The total number of correct choices 
made by each animal on each experimental period was 
about constant, indicating no disturbance to the habit 
during this testing. It was thus indicated that this 
form of the method of limits might be used. The ab¬ 
solute value of the limens is not useful for compari¬ 
son purposes since practice had intervened between 
these and subsequent tests. 

2. Following the tests reported above additional 
training was given and then Hector was tested with a 
second form of the method of limits, The stimulus 
series represented by these fractions (DI/I), 0..I0, 0.23, 
0,16, 0.10, 0,05, was presented to Hector, first in de¬ 
scending order and then in ascending order, one choice 
being made at each step during each series, going down 
four times and up four times in one experimental per¬ 
iod. The results of ten experimental periods were 
used to compute the percentages of correct responses 
and to plot a psychophysical curve. This curve was 
similar to the one obtained with Hector in the test re¬ 
ported above. The range of stimuli was too short to 
give a clear-cut descent from 100 to 50 per cent correct 
choices. Also it was noted that the total number of 
correct choices in each experimental period decreased 
in successive periods, indicating a gradual breaUing 
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down of the habit. It was indicated, however, that 
this second form of the method of limits might be ap* 
plicable with animal subjects. 

.1 While this second method was being used with 
Hector, a third variation of die method of limits was 
used with Dido. A series of stimulus values was chosen 
and five choices were made by the animal at each of 
these steps as they were presented in descending order. 
All choices were made at one step before going to the 
next lower. This is the method used by Spence (IS), 
and by Elder (2) on sensory limen determinations in 
chimpanzee. A limen whose absolute value was a good 
deal lower than that obtained witli Dido in the first 
method above or with Hector in the second method 
which was used at the same stage of training as this 
one with Dido was obtained. It was indicated that 
this variation of the method of limits might also be 
used. 

During this test, series of di/Terent lengths were 
used in order to study effect of length of series and 
absolute range of stimuli on the limen. The results of 
this test appear in Table 2 below. Litiiens were com- 

TAllLE 2 

PcaCENTACE OF COERECT CHOICES MAIJIi IIV DIDO ON A LoNO 

AND A Short Series of Stimuli 1Ve.sh.nti;d in a I)i;.sc'iiND- 
iNG Order with Five Ciioicus on I^acii Sri:i' IJbi'oiuc 
Passing to the Next Lower Stef 


Sciica 

N 

.63 

.52 

,n 

.30 

.23 

.17 

.16 

.12 

.10 

.08 

.05 

.03 
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The N cohiwin rcpriicicniB Oie loUl miinbcr nf ditifccB inndc on ench dlcp 
in cnch acriefl, Tlic rcsiiUa lor Ihc lont^ acrlcn nre ccinipiifed from ilic 2S 
cholcdB made on each nl iho long aenca of Hlepii jiifit hc/orc nnd just n/lcr 
Ihc flliort aeries waa uscd» iu order io cUmmnic prAcUcc effouti 
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puted from ,this data by the quartile method to be de¬ 
scribed below (the method used in the experiment 
proper) by which the 7Sth percentile point is com¬ 
puted. This point was found to be ,09.5 for the shorter 
series and .085 for the longer, indicating little differ¬ 
ence in the results of the two lengths of series. 

It should be noted, however, that the break in the curve 
for the long series is sharper and occurs on a smaller 
difference than that for the short series. Also, an inr 
trospection of a human subject is relevant at this point. 
He stated that it was desirable to have a number of 
large brightness differences presented at the beginning 
of the experimental period, so that criteria for judging 
might be well established for that period, Since with 
the short series used above only a few judgments were 
made at the large stimulus differences, the long scries 
would be preferable from this point of view. 

After these preliminary tests it was evident that any 
of the methods tried might be used in the experiment 
proper. It was decided to use the last modification 
of the method of limits which was tried with the sub¬ 
ject Dido, employing the long series of differences, and 
allowing five choices on each step before descending 
to the next lower one. The successful use of this method 
by Spence (15) and by Elder (3), together with the 
clear-cut psychophysical curve obtained with its use 
in the long series with Dido, and its convenience of 
application were the reasons for its adoption for use 
in the experiment proper. It is interesting to note 
that Spence obtained approximately the same limens 
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for visual acuity in chimpanzee by this method and 
by a modified method of constant stimuli. 

After all four animals had been trained to meet the 
criterion of 27 out of 30 correct clmiccs at a stimulus 
brightness difference in the ratio of 1.50 : I, or cx* 
pressed by the fraction (Dl/I) of 0.50, as indicated 
in the account of the preliminary training, and after 
the above-described preliminary experimentation had 
been completed with Hector and Dido, all four ani¬ 
mals were ready to start on the experiment proper. The 
general procedure used in the e.xperiment proper is de¬ 
scribed in the following section. 

Procedure in the Experiment Proper 

Testing was done at the four brightness levels used 
in this experiment in the following order; II, III, IV, 
I, except for Ulysses who was lesied in the order II, 
IV, III. He was not used on Level I for reasons given 
in the Protocols above. It was thought early in the 
investigation that it would be possible to test at a level 
brighter than IV, (standard at 55,3 millilambcrts). 
Th is was found to be impractical with our photometer, 
and so it was decided to extend the range downward 
instead below the brightness of Level II, (standard at 
0.7769 millilambcrts). Level I was then chosen at a 
standard brightness of 0,0864 millilamberts. There¬ 
fore, testing was done on Level I last, being carried 
on during the summer from July 10 to August 15 with 
a single experimental period each day rather than two 
as at the other levels. 
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Experimental Routitie, At the beginning of each 
experimental period the apparatus was set in order, the 
food incentive prepared and placed on the control 
table, the record sheets headed, the locking magnets 
tested, and the proper lights turned on. The animal 
was brought from the living quarters into the darkened 
experimental room in the transfer truck. This was 
rolled next to the rear of the reaction cage and the 
doors of both pulled up. The animal jumped imme¬ 
diately into the reaction cage, the door was fastened be¬ 
hind him, and the routine testing procedure begun, 
starting with the largest briglitness differences. A sin¬ 
gle experimental period consisted in the animal’s re¬ 
sponse to five settings of the stimuli at each brightness- 
difference step. There were from 8 to 10 steps in each 
series, so that a total of 40-S.5 responses was made by 
the animal at each period. Five responses were made 
to the largest difference after the descending series had 
been completed. 

For each discrimination response by the subject the 
following procedure was carried out. 

1. Both wells of the food tray in the incentive-box 
were baited. (Apple was used in the morning and raisin 
in the afternoon.) 

2. The slides on the photometer scale were set in 
their proper positions, 

3. The magnet switch was thrown, locking one and 
shutting the other glass door of the incentive-box. A 
click accompanied the locking which served as a ready sig¬ 
nal for the subjects. 

4. The reaction-cage shutter was opened slowly, and 
the dome light of the reaction cage was extinguished. 
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5. As soon os llic shutter was opened the stopwatch 
WHS started. {Stopwatch Kraduated in fifths of o second.) 

6. The general behavior of. the subject and his 
choice of door was observed. 

7. As soon as the animal touched one of the glass 
doors the watch was stopped. 

6. After the animal had withdrawn into the reaction 
cage the shutter was let down. 

9. The dome liglit was turned on, 

10. The mngnet switch was opened. 

11. Observations were recorded by the experimenter. 

After habituation to the experimental routine the total 
time taken for a single discriminatory-response pro¬ 
cedure was about 30 seconds. Thus an experimental 
period of fifty discrimination responses could be com¬ 
pleted in less than thirty minutes. 

Blank forms for taking records during each experi¬ 
mental period were mimeographed. Space was made 
for 60 discrimination responses, and the blank was 
numbered accordingly, the rows being grouped In 
fives. Columns headed "Stimulus," "Position," 
"Time,’' “Score,” “Comparisons," and “Remarks" were 
drawn. The position column was filled in at the time 
of mimeographing, being the same on all sheets. It 
contained a series of R-ight and L-eft notations in ir¬ 
regular order. The series contained the same number 
of R’s and L's and did not repeat cither position more 
than three times in succession. The R's and the L's 
were to designate the position of the brighter of the 
two patches. Recording was started in a record sheet 
in a different place for every experimental period so 
that there was a systematic variation of the position sc- 
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quence. The “Stimulus" column was filled out just 
before the experimental period with the value of the 
successive steps of brightness difference used at each 
step of the level being tested. Entries were made in 
the other columns after each response, the discrimina¬ 
tion time in seconds going in the “Time" column; a 
“C" or “W" for a correct or wrong response; a num¬ 
ber indicating the number of head and body move¬ 
ments made by the animal back and forth in front of 
the stimuli was entered in the “Comparisons" column; 
and incidental data were recorded in the “Remarks" 
column. 

At the end of the day the individual records for each 
subject at each experimental period, morning and eve¬ 
ning, were transferred in condensed form to a perma¬ 
nent record sheet for error scores. A typical record for 
ten experimental periods with one animal is shown in 
Table 3. Each row represents the number of correct 
responses on each stimulus step for each experimental 
period. It was the practice to give five choices on the 
largest difference after the smallest difference. This 
was done to check up on the stability of the habit after 
failures on the subliminal stimuli, and to afford addi¬ 
tional practice. The records for these are found in 
the second entries in the first column for each experi¬ 
mental period. Records such as the one in Table 3 were 
kept throughout the experiment in order to study the 
effect of practice and to determine how many experi¬ 
mental periods should be devoted to a level before the 
performance of the subjects no longer showed im- 
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TvPICAL COKDKNJ^BP RliCOKP OF TJIH KXF*JjKI>rFNTAI, PeRIODS FOR 
Subject Diuo ok URiniitNKss Level IV, (Standard 
AT 55..^ MlLl.lLAMni’RTS) 
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.05 
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.5 

c 

5 

3 

4 

5 

4 

4 

2 

4 

226 



PM 

5 

5 

5 

5 

5 

< 

5 

5 

4 

4 

S 

4 

4 

4 

227 

Mon. 
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In ilic fimt row nt die (op Jh rIvcii (he si^rieii r>f ljri({h((ieiK clilfcrenccR uacd 
QB Biepa in (lie modiftcil rncihod of limiofj (I?l/1). On (he rown litiuw are 
given (he number of correct choicer out of nvc innde on cqitIi Aiep nt each 
axperiincutnl pcriodi hicluiling (he five iiudc at ibe Ihtecm difTcrence at the 
end of die period (thcRc not counted m lotiih), 

provement due to practice. In tlie chapter on results, 
records similar to the last row of this one (marked per¬ 
centages of correct), but based on 100 rather than 50 
discriminations at each step, arc presented. The li- 
mens are determined from the results of the last 100 
responses made at each step on each level. Between 
ISO and 2S0 responses were made to each step dilTcr- 
ence at each level, during from 30 to SO experimental 
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periods. Experimentation at any level was continuous 
with one exception. 

The preliminary training and preliminary experi¬ 
mentation with all animals were completed about the 
middle of April, 1934. The experiment proper was 
begun immediately thereafter and continued uninter¬ 
ruptedly, seven days a week, with two experimental 
periods each day, until June 28. After nine days’ in¬ 
terruption it was continued with experimentation once 
daily until August 15. As soon as experimentation 
was completed at one level the subjects were trans¬ 
ferred immediately to the next. They were given suf¬ 
ficient preliminary training on that level to bring them 
to a performance of 27/30 correct choices on the great¬ 
est stimulus difference used at that level. The trans¬ 
fer was apparently easy for all animals except Ulysses. 
Hector, Dido, and Menelaus came up to the criterion 
on the second or third experimental period of prelim¬ 
inary training on the new levels, in all cases involving 
less than 100 discriminations. Ulysses required some 
400 discriminations to move from Level II to Level 
IV, as this was the order in which he was tested. 

Experimental Controls, In a discrimination ex¬ 
periment of this kind, certain systematic errors might 
arise. These may be of two types: first, tliose arising 
from a subject’s response to any cue other tJian the sys¬ 
tematic variation of the stimulus lights; and second, 
those arising from the subject’s response to luminous 
intensity rather than to brightness. The former sort 
of error might arise in any form of discrimination ex- 
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periincnt The latter is peculiar Co certain visual dis* 
crimination situations. 

Concerning the first type of error, the experimental 
set-up was so arranged as to enhance the value of the 
visual stimuli. Perhaps the best evidence that the 
subjects were responding to the light stimuli is the fact 
that their responses came to be made on a chance basis 
when the brightness differences approached zero. 

It seems unlikely that visual cues could have been 
given by the experimenter. He always stood in the 
darkness, though in view of the subject, who had to 
look beyond the stimulus lights into the shadow in 
order to see him when making a response. The one¬ 
way light screen, and additional screens placed be¬ 
tween the reaction-cage and the experimenter, prevent¬ 
ed the subject from receiving any visual cue from the 
experimenter between responses. When discriminat¬ 
ing the animal was observed only very occasionally to 
look in the direction of the experimenter before the re¬ 
sponse had been made, Further, on a number of dis¬ 
crimination responses the experimenter bad forgotten 
which of the stimuli was the correct one and was sur¬ 
prised at the animal's choice. These controls indicate 
that visual cues were eliminated, 

Auditory cues which might have arisen from move¬ 
ments of the experimenter or of the apparatus in shift¬ 
ing the stimuli were eliminated by the adoption of a 
standard routine of constant movements, making false 
settings when no movement was necessary, etc. It was 
reported by human subjects that the electric fan served 
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as an adequate sound screen for masking the noise of 
shifting stimuli. 

Concerning the second possible type of error there 
are two controls which have to be exercised. These 
will be noted below. Johnson has pointed out the two 
different aspects of the visual stimulus which vary sim¬ 
ultaneously in this type of visual situation. Johnson 
has characterized these as follows: 

In the accepted photometric nonicnclature, if the light 
coming from a source produces on a surface the same il¬ 
lumination as that produced by a standard source at the 
same distance, both sources are said to have the same 
lumhious intensity in the directions respectively given. Tlie 
standard measure of luminous intensity in America is the 
candle. The brightness of a source is taken as the lum¬ 
inous intensity divided by the area of the source; it is 
usually measured in terms of candles per square meter or 
derivatives thereof, [millilamberts in this experiment] 

The opal glass screens limited by the windows therefore 
serve (1) as sources, each having a certain candle power, 
and (2) as visual objects, each having a certain brightness 
and area. (9, p. 322) 

Now since in this experiment the stimulus patches of 
flashed opal glass have equal areas the luminous in- 
tensity and brightness of each vary simultaneously with 
the movement of the lamp carriages in the photometer. 
Since brightness vision is being studied here it must be 
determined that the subject is not responding to lum¬ 
inous intensity. In the first place, he might make 
his response to the luminous intensity of the stimulus 
patches in terms of the light which they allow to pass 
into the incentive box and there be reflected. This 
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possibility ms guarded against by limiting the sub¬ 
jects' view through the clear glass door of the incen¬ 
tive-box to little more than the stimulus patches them¬ 
selves, and by covering those parts which were visible 
with non-reflecting black velvet cloth and cardboard. 
(See Dido's protocols for an illustration of an animal’s 
response to illumination of the inccntivc-box.) 

In the second place, the subject might respond to 
the stimulus patches themselves as sources of luminous 
intensity and not as surfaces of hrighlncss. In human 
experimentation the terms arc often confused and in 
the experimental set-up tlic subject is allowed to make 
his discrimination on the basis of either of these as¬ 
pects of the stimulus without subsequent determination 
of which cue was used. Tt was thought best in this 
experiment to vary each of these aspects independently 
in order to sec if a subject's discrimination response 
was impaired. In a crucial lest it was necessary to re¬ 
verse the luminous-intensity and brightness cues. Such 
a test was performed with one of the animal and one 
of the human subjects. 

The set-up of Brightness Level 11 was used for this 
control test, all conditions being as in the usual experi¬ 
mental routine except that the brightness and lumin¬ 
ous-intensity cues were reversed. This reversal was 
easily accomplished by occluding one half of one of 
the two stimulus patches, thus reducing the amount of 
light emitted by one half or cutting its luminous inten¬ 
sity in half. Therefore, when a brightness didercnce 
expressed by a fraction (DI/I) less than 0.5 was made 
between the stimuli, the brighter light actually emitted 
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the less light, reversing the luminous intensity and. 
brightness of the stimuli. 

Hector was introduced into the control-test situation 
after completion of all testing done in the experiment 
proper. When he was required to discriminate a dif¬ 
ference of 0.63 at the level II standard with the cues 
reversed he was at first disturbed and required 77 
choices to attain a norm of 9/12 correct choices. A. 
few hours later the animal was tested in a regular ex¬ 
perimental period with a descent from greatest to least 
brightness difference according to the modified method 
of limits adopted for the regular routine. The lum¬ 
inous-intensity and brightness cues were reversed as in¬ 
dicated. A few large brightness differences were added 
at the start. As soon as the first few choices were made 
in this scries the animal seemed to behave with more 

confidence and assurance and before the series was 

\ 

completed he was reacting in a manner similar to that 
shown on regular experimental periods. The results 
of this test appear in Table 4. 

TABLE 4 

Results of the Control Test for Luminous Intensity 
Versus Brightness with Hector 


Stimuli 

1.00 

.80 .63 .52 .38 

.30 

.23 

.15 

JO 

.05 

No. of 

correct choices 

5 

5 12* 5 5 

5* 

4 

4 

5 

3 

2 


Showing the number of correct choicea made by Hector at the end of the 
control eKperiment at Brightness Level II when the luininous-lntcnRUy and 
brightness cues were reversEcI, 

*Note that there were 15 choicea mndc on step ,63 and 5 on all ihc rest, 
and ov\ .61 after cofnpletion of the aeries. 

It is seen that this is a typical record for any single ex¬ 
perimental period, with all the choices correct on the 
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large differences and some errors on the smaller differ¬ 
ences. This table may be compared with the rows of 
Table 3. Robert, one of the human subjects, was given 
the same test at the end of his testing on the experiment 
proper. While he reported some difficulty in discrim¬ 
inating in the early part of the lest, his performance 
was typical of that of the regular testing periods. War¬ 
den (17, p. 76) has already indicated that some dis¬ 
turbance of the discrimination habit might be expected 
when the subject is presented Avith the altered situa¬ 
tion of the control test. Though this disturbance was 
apparent at first with both the animal and human sub¬ 
ject it rapidly disappeared. It is concluded from these 
two tests that a reversal in the luminous-intensity and 
brightness cues in this experimental situation had no 
real detrimental effect on the discrimination habit. 
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RESULTS 

The results of this experiment include two types of 
scores—error scores and time scores. The error scores 
represent the percentage of correct responses which 
any subject made to a given difference in brightness 
over an arbitrary number of discrimination responses 
made. The time scores represent the average time in 
seconds taken by the subject to choose as the brighter 
one of the two stimulus patches of lights presented. 
These averages, also, are based on an arbitrary number 
of responses made. The error scores are the more im¬ 
portant of the two types since it is upon the average 
value of these that discrimination limens are computed 
and comparisons made. Time scores are of interest for 
studying special aspects of the problem, though they 
furnish only supplementary data for the main question 
of the investigation. The two types of scores show 
some correlation, but cannot be used interchangeably. 

In this chapter the results of the animal experimenta¬ 
tion are given more space than those obtained with 
human subjects. The primary purpose of the experi¬ 
ment was a determination of the limens for brightness 
discrimination in the monkey. Limens were obtained 
for man only for purposes of rough comparison. Thus 
the results of human experimentation are considered 
of secondary importance and are consequently given 
less space. One of the main purposes in using human 
subjects was to determine the reliability of the photo¬ 
meter as an instrument for measuring brightness sensi- 

[125] 
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tlvity. This has already been stigRCSted in the section 
on apparatus above (see pp. 113-8+). 

It will be convenient to present the results in the fol¬ 
lowing order: 

fl. Time scores for the munkeys. 

b. Error scores lor the monkeys. 

c. Error scores for the Jiumari subjects. 

d. Treatment of error scores and discussion. 

Time Score-s fou the Mcwkevs 

The time scores for the nionkcys represent the aver¬ 
age discrimination times, taken from the lime the shut¬ 
ter of the reaction-cage went up until (he animal had 
touched one of the glass doors, for cacli animal at each 
stimulus step on the brightness levels considered. The 
scores for Hector, Dido, and Mcnckius arc grouped 
together for analysis, A separate frequency distribu¬ 
tion was made for the correct and for the wrong re¬ 
sponses at each step, and the averages and their prob¬ 
able errors computed for each. These are presented in 
sections A and B of Table 5. Also the differences be¬ 
tween discrimination times for the correct and wrong 
responses for each step arc given together with the 
reliabilities of these differences. The average dis¬ 
crimination times for the correct responses for both 
levels are plotted against the fraction representing 
brightness difference at each step for each level in the 
two parts of Figure 4. From the table and the figure 
we are able to study three aspects of the results. 

First, we observe that the successive average time 
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FIGURE 4 

DlSTOlMlWATlOH T\MU^ OM CoWTMlCt TOVw 

Thrdb Animals (HuctoRi Dido and MnNtaLAUs), on 
B waHTNEss Levuls I and H as Rni.ATiiD to St[Mulus 
Diufjuvbncb 

The ordinate is kid off in seconds nnd tlic nbscissrt in frnctions of 
brightness difference. The circEe$ mark the avcrnccs for the de¬ 
scending series, nnd the triangles the average for the final large 
brightness difference. 
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scores for the correct discriminations at both levels, 
and for the wrong ones at level 11, seem to increase in 
magnitude as the stimulus difference is decreased. The 
difference in average times between any two adjacent 
steps is not significant except in a few instances. The 
differences between the extremes, however, are reliable. 
Also, the trend of the increase in time is more or less 
regular as indicated by the empirical straight line 
which is fitted to the points plotted in Figure 4, The 
discrimination times for the large stimulus differences 
presented at the end of each experimental period are in 
three instances of about the same magnitude as the 
times for the difference when presented initially. These 
times arc represented by triangles in Figure 4. The 
average time for step .63 (end), correct, at level II is 
intermediate between the smallest and the largest time 
scores at that level. The relatively small time scores 
for these large differences presented at the end indi¬ 
cate that the increase in discrimination time is a func¬ 
tion of the stimulus difference, and not of some other 
factor resulting simply from the serial order of presen¬ 
tation of the stimuli. 

Second, we observe that the average discrimination 
times for the correct responses at both levels are smaller 
than those for the wrong responses. The difference at 
level I is 0.31 sec., with a probable error of the differ¬ 
ence of .18, giving 87 chances out of 100 that this is a 
true difference. For level II the difference is .90 with 
a probable error of the difference of .23 giving 99,6 
chances out of 100 that the difference is a true one. 
Examination of the differences between correct and 
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wrong times at level I indicates that there is no consis¬ 
tent trend, there being three cases in which the wrong 
response actually took less lime. It is seen that the dif¬ 
ferences arc not entirely reliable on the seven steps at 
level I and on four steps at level II, The tlifTcrences 
for each step at level II are all in favor of the longer 
times for the wrong responses except ij) the 0.fi3 (end) 
Step, where tJic difference is reversed. It is interesting 
to note that the wrong responses on the final step of 
both levels took less time than did the correct ones. 
This may indicate that more “snap judgments" were 
made at these steps than at the others. The lack of any 
consistent trend in the differences between times for 
correct and wrong responses along the stimulus scries 
prevents us from drawing any inferences as to the type 
of judgment made at the other steps. Probably tbe 
relative amount of comparison behavior shown by the 
monkeys at the various steps may account for a large 
part of the differences in discrimination times, In gen¬ 
eral, it was found that the number of alternations or 
comparison movements made by tlic animal back and 
forth in front of the stimuli correlated roughly with 
the discrimination time. Distractions, of course, also 
tended to increase the discrimination times. Third, we 
observe that the average discrimination times for the 
correct responses on both levels I and II are very nearly 
equal, 3,20 and 3.27 sec. Since level II was tested first 
and level I last, this indicates that there was no ap¬ 
parent change in discrimination times for correct re¬ 
sponses during the experiment proper. In the case of 
the wrong responses the average time for level II is 
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actually shorter than for level I by 0.S2 sec. The prob¬ 
able error of the difference here, however, is 0.30 so 
that the chances are only 88 out of 100 that this differ¬ 
ence is a reliable one. The results show, then, that 
these animals must have been working at about constant 
speed throughout the experiment proper. This also 
suggests that the motivation was relatively constant, 

■ Error Scores for the Monkeys 

The error scores for the monkeys are in terms of the 
percentage of correct responses made at each stimulus 
difference by each animal. These percentages are cal¬ 
culated from the data on an arbitrary number of dis¬ 
crimination 'responses at each step, either SO or 100, 
and are presented for each animal at each brightness 
level in Tables 6-9. Empirical psychophysical curves 
were drawn for each subject representing the percen¬ 
tage of correct responses made at each stimulus dif¬ 
ference of any brightness level on the last hundred 
responses made at that level. These arc represented 
in Figures S-8. It will be convenient to discuss the 
tables and figures for each level In separate sections 
below. The results will be examined for evidences of 
practice effects, irregularities, amounts of variability, 
and special circumstances in the experinicntal proce¬ 
dure of each level will be noted. 

Brightness Level I. The data for level I are found 
in Table 6 and Figure 5. The table may be examined 
for practice effect. Hector showed some improvement 
between the first and second group of responses. Dido's 
improvement was much more apparent; so inucli so, in 
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Percentages of Correct Responses Made by Each Anjmae 
Subject Tested on Brightness Level I (Standard at 
0,0864 Millilamberts) 

TJie abscissa is laid off in fractions representing tlic brigljtncss dif¬ 
ference at each step divided by the standard of this level, (DI/I). 
The ordinate is laid off in percentage of correct responses, from 50 
to 100. The line for each animal is represented as follows: 
Hector solid line 

Dido broken line 

Menclaus dotted line 

The percentages used are those for the last 100 discrimination re¬ 
sponses made by each animal on this level as indicated in Tabic 5. 

fact, that she was given an extra group of ten experi- 
meiitai periods, 50 discriminations on each step, in or¬ 
der to eliminate this practice effect. Menelaus, as noted 
in the Protocols in the previous chapter, developed a 
series of position habits after the twentieth experi¬ 
mental period, The effects, of this disturbance were 
never fully elinainated, and while the percentages 
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shown for the second series arc about as liiRh ns those 
for the first, there is no cviflcncc of improvement. 

Examination of the table and the curves drawn 
therefrom in Fif^ure 5 indicates a marked variability 
among the three subjects vested. It will be seen that 
the variability here is greater (ban at any other level. 
The reasons lor this are dilVicidt to determine. Pos¬ 
sibly the motivation was different for each subject. 
Some disturbing influence must have affected Menclaus 
to have produced the position luibiis. This influence 
may have been in operation during the entire testing 
at this level. The sharper turn of the psychophysical 
curve for Dido, as compared with the other subjects, 

I’AUf,!-; 7 

PtRciiNTiVaix or CcmuKcrr Di,st:ttiMiSATiriss Mr\rji: hv Kach 
Anemal TiiSTHI) on llRUJiirMis.s Ih .Standarii at 

(K77(W 4\[iiJ.u,AMiiriKjs 
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84 
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92 
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U 
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77 
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96^ 

9U’ 




54* 




bJI. 

95 

99 
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93 

95 


H2 

55 



Menclaus 

1 

95 

9B 

90 

89 

17 

64 

63 

51 




2 

91 

9B 

96 

9Q 
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75 

71 

67 




3 

9B" 
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H7 

Ml 
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94 
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87 
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69 

66 
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90 

96 

97 

92 

85 

82 

70 
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Percentages of Correct Responses Made by Each Animal 
Tested on Brightness Level II (Standard at 0.7769 
Millilameerts) 

The abcissa is laid off in fractions representing the brightness dif¬ 
ferences at each step divided by the standard of this level, (DI/I), 
The orclinate is laid ofif in percentage of correct responses, from 50 
to 100. The percentages used are those for the last 100 discrim¬ 
ination responses made by each animal as Indicated in Table 6. The 
^raph for each animal is represented as follows: 

Hector solid line 

Dido broken line 

Menelaus dotted line 

Ulysses dot and dash line 

may indicate that her general motivation was better, 
since she did not make nearly as many errors on the 
large differences as did the others. 

As has already been noted this level was tlie last one 
tested. Only three animals were used, since, as noted 
in the Protocols, Ulysses lost so much time in trans- 
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ferring from one level to another that he did not get 
to the last level before the experimentation wag dia« 
continued. Also this level was tested during the sum¬ 
mer months with only one experimental period 
each day. Since the experimental conditions of this 
level are different from those at the other three levels, 
the difference in variability and absolute performance 
between the results of this and other levels may be in 
part a function of the slightly different conditions. 

Brightness Level II. The data for this level are 
presented in Table 7 and Figure 6. It is seen that the 
range of stimuli here is smaller than that of the pre¬ 
ceding level, and is about the same as those of the two 
following levels III and IV. As noted in the section 
on calibration, the range of stimuli chosen for each 
level was the result of preliminary experimentation to 
determine roughly the magnitude of the limen at 
that level. 

The indications of improvement during the testing 
procedure at this level arc most apparent on the stimu¬ 
lus steps presenting the smallest brightness differences. 
These stimuli at the end of the scries of decreasing 
brightness differences will be called hereafter the 
^'critical stimuli," since it is the performance on these 
stimuli which most influences the magnitude of the 
limens. It will be observed that the range of the stim¬ 
ulus steps showing the most improvement is greatest in 
the case of Menelaus and of Ulysses. 

It is apparent from the table, and more especially 
from the graph, that the variability between subjects 
at this level is a great deal less than that on level I. All 
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the psychophysical curves cluster quite closely together 
and cross each other at various points. The curves 
show a rather gradual bend in the middle rather than 
a sharp break. The only important inversion is that 
shown in Hector^s curve. It is interesting to note that 
all the subjects except Flector made a higher percent¬ 
age of correct choices on the second than on the first 
stimulus step. This apparently indicates that there 
was some improvement due to initial adjustment at the 
beginning of each experimental period. These initial 
upturns in the curves indicate that perhaps it would 
have been wise to have given a few stimuli at the be- 

TABLE 8 

Percentage of Correct Discriminations Made by Each 
Animal Tested on Brightness Level HI. Standard at 
7.146 Millilamberts 






13a 


MKREDlTJi rULLKK CJ^AWKORP 



PERCENTAaiiS OP COUHECI* RliSI-ONSlfS MAIiH flY KaCII AnIMAL 

SunjncT Tested on HiuoiirNKf^s Levei, [II (Standaei) at 

7,H6 MlKUl.AMIIliKTs) 

The abcissa U iiuil ofl in fructiuns rt'prrM'nlin^ the h^i^»llt^lC5s dif- 
Icrcncc at each step divided hy the siaiulard nl this h^vcl, (Dl/I). 
The ordinate is laid off in perccntanje of nirmit respuiiscs, from 50 
to 100, The pcrcentaKca used art tlinsr* for iht Iasi lOl) dincrim- 
ination responses made by each animal a*i indicaled in 'ruble 6, The 
grapli for cadi animal is represented as follows; 

Hccior solid lino 

Dido broken line 

Mcnelaus dotted line 

Ulysses dot and dnsli line 

ginning of each experimental period, and not included 
the results in the regular records, in order to allow 
the animals a chance for an initial adjustment each 
day. The same sort of upturn at the heginiiing of the 
curves will be noted at the other brightness levels, 
Brightness hevel fll, The data for this level arc 
presented in Table B and Figure 7. It will be observed 
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that no percentages are given for the second and fourth 
stimulus steps except for the first series of Hector and 
Dido. It was found that the experimental period was 
made tediously long with the inclusion of these steps. 
They were omitted and it was found that there was no 
detriment apparent in the records of Hector and Dido 
on the second series. Menelaus and Ulysses were tested 
at this level slightly later than the other subjects. The 
second and fourth stimuli, therefore, were never pre¬ 
sented to them. 

Practice effect is less apparent at this level than at 
the preceding ones. Where the percentages do show a 
decrease it is usually on the critical stimuli. Dido 
showed a temporary loss of motivation for eight ex¬ 
perimental periods after group No. 1 of this level, She 
was given an extra series of ten experimental periods 
to eliminate any loss she may have sustained during 
this poorly motivated period. 

The variability at this level appears to be even less 
than at the other levels already discussed. The psy¬ 
chophysical curves run very close together and cross 
each other at many points. The initial adaptation effect 
at this level is very apparent in the case of Ulysses. 
His percentage of correct responses is observed to in¬ 
crease from 87 to 98 on the first two steps. Judging 
from the rest of the curve, however, this second per¬ 
centage may be spuriously high. The curves approach 
a chance value of SO-per-cent-correct discriminations 
at this level more nearly than do those at the second 
level. The inversions, with the exception of the one 
just noted above for Ulysses, are not large. 
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TAIU.K 9 

PURCDNTAOn OF CoHHECT DlSfUl Ml NATIONS MAOB DV KacH 

Animal Testeu on IIrigiitkess Lia’I.l IV. Stanoard at 
55.3 Mii,i,ii.AMHKRrs 


Subject 

ScrItB 0.112 

.51 

.39 

Jl 

.22 

.15 

.10 

.05 

.00 

llccior 

L 

OS 

90 
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83 

85 


66 



2 

94- 

97 

9£ 

911 

8H 

82 

71 

57 

54 

Dido 

1 

97 

9B 

97 

97 

82 

75 

65 

6B 
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100 

9S 

99 

97 

90 

89 

85 

66 

57 

Menelnua 

1 

9^ 

95 

92 

as 

88 

7-1 

7H 

71 

60* 
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97 

9+ 

n 

91 

89 

87 

72 

66 

56 

Ulyaaca 

1 

90 

g7 

B2 

83 

79 

71 

69 

61 
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96 

9+ 

90 

89 

78 

71 

57 
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TKc above daU ere grouped for criiivcnkncc Jnio Aerica a( iOO diacrim- 
Jnnllon rcBponsca cnch, cxccpl in llioac cniicR ninrhed by an niicriiik (*) in 
Tvhich only ^0 dijcriminnliona were iTimlc. The /irat row nbove the Lop 
line rc[ircHcni9 ihc britfliineiB dirfcrcnce ai eadi iilcp divided by ihc ainntl- 
ard of thia level (DJ/D. On ihc rowi below nre given ihe perceriLAge 
of Gorrcc^l. icepon&cB for eivGh nnimnl for enrb Heiien uf IdO nr SO diacrim- 
Inallon rcaponsca. The eaJculalinn of liiticnH ii done wiih Lhe Iqhl ioo 
rcBponaffl mntic by each nnimtil. A atricn nf 100 reaponBcn reprc^eniB 20 
experimental periods, 

Brighiness Level IV, Tabic 9 atul I'igure H present 
the data for this level. The practice c/Tect at this level 
is slightly greater than at tlic other three levels tested. 
It had disappeared in all cases, however, before the last 
(fourth) group of experimental periods was given, 
Therefore, experimentation at this level was conlined 
to exactly forty experimental periods, or 200 discrim¬ 
ination responses at each stimulus clilTercnce. The 
practice effect as indicated in Table 9 is most apparent 
on the critical stimuli, Mcnclaus shows the least im¬ 
provement of the four subjects tested here, 

The variability as indicated by Figure 8 is slightly 
greater at this level than at level HI. Perhaps the 
most distinctive feature of the group of curves for this 
level is the rather clear break which they show at 
brightness differences between 0.22 and 0.10. The dc- 
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FIGURE 8 

Percentages of Correct Responses Made ey Each Animal 
Subject Tested on Brightness Level IV (Standard at 
55,3 Millilamberts) 

The abcissa is laid off in fractions representing the brightness dif* 
ference at each step divided by the standard of tJi/s level, (DI/I). 
The ordinate is laid off in percentage of correct responses, from 50 
to 100. The percentages used are those for the last 100 discrim¬ 
ination responses made by each animal on tliis level as indiented in 
Table 8, The graph for each animal is represented as follows; 
Hector solid line 

Dido broken line 

Menelaus dotted line, 

Ulysses dot and dash line 

scent toward a chance performance therefrom is steep 
in all cases. Initial adaptation is again suggested in 
the case of Hector and Ulysses. These are the only in¬ 
versions of much importance in the curves, 

Experimentation was continued at this level down to 
stimuli presenting no brightness difference, marked 00, 
and then back to the initial difference. This had been 
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done at other levels only where the svibjeets' perform¬ 
ance seemed to justify the continuance of experimenta¬ 
tion at small differences and ccjualily. 11 was done here 
with all animals as a systematic chock on the discrim¬ 
ination response. It is apparent that without a lifi;ht 
cue the performance of all subjccis was practically 
chance, or 5()-per-cent-corrcct choices. It should be 
noted, however, that the average of the percentage of 
correct choices on the 00 step for all animals is slightly 
above 50, being 52.25. 'I’liis may indicate that there 
was sozne sort of a constant error present, affecting 
some of the animals more than others. This would, of 
course, if shown to be present, make the percentages at 
the other steps spuriously high, 'riie possible source of 
this small constant error has not been idcntilicd. vSince 
we arc not sure of its presence, it seems best not to 
correct the other percentages in terms of the deviation 
of this average from 50 at the 00 step. Again, wc may 
not have a large enough sample to make tlii.s deviation 
from chance at all signilicant. It is not statistically 
reliable, 

Elutoit Scores for the Human Surjects 

Three human subjects were used for the experiment 
proper. Of these only one, Robert, was used at all 
four levels. Richard was used on tlie first three, and 
Mary on the second only. Their error scores in terms 
of percentages of correct responses, as well as the num¬ 
ber of responses made at each stimulus step, arc pre¬ 
sented for all brightness levels in 'Fable 10. 'rypical 



BRIGHTNESS DISCRIMINATION IN THE MONKEY 


143 


TABLE 10 

Percentages op Correct Responses Made by Each Human 
Subject on All Four Brightness Levels. Percentages 
ARE Based on All Discriminatory Responses Made 

RY THE SUflJECTS 

A. Brightneaa Level I,, Standard at 0.0964 inillilambcrtB 
Subject 1.55 1.25 0.90 .65 .51 .44 .37 .30 .22 .16 .10 .05 

Richard N 3 3 6 6 3l 23 26 33 41 40 40 35 35 4D 

% 100 100 100 100 100 lOD 100 too 95 92 90 60 52 47 

Rabcrc N 8 6 6 6 6 41 42 50 40 45 40 25 20 25 

% 100 100 100 100 100 IQO 95 94 B7 02 65 52 45 52 

B. Brightness Level II. Standard at 0.7769 milHlamlierta 


Subject 

.63 

.52 

.39 

.30 

.23 

.16 

.10 

.05 

.03 

.02 

.01 

.00 

Ridib I’d 

N 38 

35 

35 

37 

39 

71 

53 

60 

55 

50 

20 

5 


% 100 

100 

100 

100 

99 

100 

96 

80 

68 

60 

35 

33 

Robert 

N 6 

9 

9 

17 

12 

36 

25 

25 

25 

20 




% 100 

100 

100 

100 

100 

97 

39 

56 

72 

65 



Mary 

N 

27 

27 

29 

31 

45 

45 

45 

40 





% 

100 

100 

100 

93 

83 

69 

60 

57 





C. Drightneas 

Level 

III, 

Standard 

at 7.146 inillilarii 

licrlH, 



Subject 



,65 

.44 

.30 

.24 

.18 

.14 

.10 

.05 

.03 

.00 

Richard 


N 

15 

15 

17 

22 

20 

25 

25 

25 

30 

20 



% 

100 

100 

100 

100 

90 

96 

76 

K0 

66 

S3 

Robert 


N 

3 

19 

14 

21 

23 

25 

25 

30 


6 




100 

100 

96 

95 

91 

so 

80 

70 


60 


D, Brightneas 

Level 

IV. 

Stan 

idard 

at 55 

-3 m 

illilamljcrts. 



Subject 



.62 

.51 

.39 

.31 

.22 

.15 

,10 

,os 

.03 

.00 

Robert 


N 

15 

15 

15 

19 

21 

25 

25 

25 


20 



io 

100 

100 

100 

94 

90 

80 

54 

58 


45 


Above the top line in each section arc given the fractioiivi representing 
the bi'ightnegs difference at each step (DI/I). In the row marked for 
each subject is given the number of rcaponse.s made at each stiiiinlus dif¬ 
ference. Percentages of correct responaca made are based on tliia nuTuber of 
responses. 

psychophysical curves, those for Brightness Level II, 
ate given in Figure 9. 

It is scezi from Table 10 that a variable number of 
presentations of stimuli were made at the different 
steps of each level. This was done in order tf) con¬ 
serve time and to obtain as many responses to the criti- 
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Percbntaqb op Gorkbct Cuoicua Hadu nv Tiirue Human 
SuBjncTs ON Driqhtnhss Lbvbl II (Standard at 0.7769 
MiLULAM HERTS) 

The fibcissa ib Inid ofF in frnctions rcprcseniinj? the brightnesg dif- 
/erence at each step divided by the standard of Urn level, (DI/I). 
The ordinnle is laid off in percentages of correct responses, from 
50 to 100. These percentages arc based on the total number q( 
responses given by each subject, as shown in Table 9. The graph 
for each subject is repregented as follows; 

Ricliard solid line 
Robert broken line 

Mary dotted line. 

cal stimTili as possible. The data arc too limited tc 
afford any oppoctnuity to study practice cdect. Hac 
the human subjects been tested for as many experi 
mental periods as were the monkeys they would doubt 
less have shown improvement. Individual difference 
are apparent from the table and the graph. Richard’ 
performance on all tested levels appears to be the best 
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Robert’s next, and Mary’s last on the one level at Tvhich 
she was tested. 

Perhaps the most obvious difference between the per¬ 
formance of human and animal subjects is shown by 
their characteristic psychophysical curves. Examina¬ 
tion of the table and graph will show that the humans 
were able to choose correctly 100 per cent of the choices 
down to the .critical stimuli. After passing a single 
critical point their accuracy drops sharply toward 
chance. The animals, as has been shown (compare 
Figure 6 and Figure 9), made errors even on the larg¬ 
est differences, and did not always show a very sharp 
break in their curves at the critical stimuli. The sig¬ 
nificance of this apparent difference between animal 
and human performance will be discussed in the fol¬ 
lowing section. 

As stated in the previous chapter the experimental 
conditions under which human subjects were tested 
were equated as nearly as possible with those for the 
animal subjects. Testing was in most cases regular, 
with one or two experimental periods each day. Since 
fewer responses were made by the human subjects their 
results are obviously less reliable than the animal ones. 
Again, practice effect was not nearly as well controlled 
as in the animal investigation. As noted in the section 
on Subjects, they had differing amounts of practice on 
experimental brightness discrimination. Since Rich¬ 
ard had used the Macbeth Illuminometer for many 
months before this experiment began we might say that 
he had at least as much specific practice on a bright¬ 
ness discrimination apparatus as did the animals. 
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Robert and Mary l)ad had dchnitcly less. Cdiicerning 
the general practice iibtaincd in everyday life by the 
different animal and hvmvan subjects we can make no 
definite staieinent. The child which we used, Mary, 
was probably slightly younger, piiipnriioiiully, than the 
older two animals, and perhaps fairly well matched 
in maturity slatu.s with the two younger subjects. Ob¬ 
viously they were not matched in ;imount of practice in 
everyday hrighliiess dijicrimination, 'i'hcrcfore, any 
comparison of results between the two types of sub¬ 
jects may be taken only tentatively and roughly. 

Treatmknt of Ehuou .Seoul's and Di.scn.ssioN 

In order to render the above rcsull.s for error scores 
more suitable for comparison with each other it has 
been convenient to determine a liiuinal point from each 
psychophysical curve, or from the numerical record 
of each subject’s pcrforiviance at cacli briglitnc.ss level. 
Some consideration must be given to the ineiliod used 
in computing these limens. 

It is apparent that the typical psyclioj^liysical curves 
which were obtained witli the animal and Iniivian sub¬ 
jects represent half of a psvcliophysical curve which 
would have been obtained had the variable brightnesses 
approached the standard from below and above, rather 
than only from above. The curves as presented repre¬ 
sent the percentage of juilgnicnis of tlie variable 
brighter than the standard. 'I'hc pcrceiitagc.s are rela¬ 
tively high at large dilferences and fall oif rapidly at 
small differences, the curves sloping most steeply as 
they approach the cc]uality point. These cui ves w'oiiltl 
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continue on if the variable had been made less than the 
standard and would have eventually flattened out near 
the zero abscissa when practically no judgments of the 
variable as brighter than the standard would have been 
made. Thus we may consider that our curves repre¬ 
sent roughly half the typical psychophysical curve ob¬ 
tained in the method of Constant Stimuli in human ex¬ 
perimentation when only two categories of judgment, 
“brighter" and "dimmer,” are used. The procedure 
recommended by Jastrow (8) of choosing the 7£th per¬ 
centile point as the limen when equal judgments are 
excluded has been adopted in this experiment, since it 
is assumed that at this point £0 per cent of the judg¬ 
ments are given by chance and 25 per cent by real 
judgment. A convenient method of calculating these 
limens is the computation of the upper quartile of the 
distribution of percentages of correct choices, of which 
we have the upper half. Free-hand smoothing of the 
curves is used where small inversions affect the value 
of the 7£th percentile point. Since our stimuli are 
laid off in fractions representing the relative bright¬ 
ness differences of the steps, the numerical value of the 
quartile, the Qj (7£th percentile point) minus the Qa 
(£0th percentile point) (since it is assumed that these 
curves represent one-half of a symmetrical distribution 
about the equality point), is exactly equal to the nu¬ 
merical value of the 75th percentile point. Further, 
the probable error of the quartile may be used as a 
measure of the reliability of the limen. 

This method of calculation possesses, beside sim¬ 
plicity, the advantage of not weighting heavily the per- 
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centages of "brighter than’* judgments made on stimuli 
showing the largest dilTerciiecs in brightness. It has 
been noted above that the animal and human psycho¬ 
physical curves show a characteristic di/Tcrciicc, This 
difference consists in the fact that the human subjects 
were able to return lOO-per-ccnt-corrcct judgments on 
stimuli whose differences in brightness were well above 
those on which they failed consistently. The animals, 
on the other hand, rarely made perfect records even 
on the largest brightness differences. This character¬ 
istic difference has been shown by Spence (15). It is 
assumed that these early errors made by the animals are 
partly, at least, the result of factors of inattention, 
chance distracting stimuli, variations in motivational 
conditions from day to day, differences in the kind of 
instructions that could be given to the two classes of 
subjects, and general lack of inhibitory control on the 
part of the animals. Thus these errors arc considered 
to be largely experimental errors, due more to the in¬ 
ability of the investigator to set the problem for the 
animal than to any real inability of the animal to dis¬ 
criminate the large differences presented early in the 
series. If this assumption is correct, then a method of 
computing limens should be chosen which does not 
give much weight to the early errors. The use of the 
quartile method suggested above meets this dlfllculty. 
Were the judgments made on both sides of the standard 
and the whole, instead of half the psychophysical curve 
obtained, some method of computation such as the 
Muller-Urban process might have been used (if the 
data were sufficiently near normal in distribution). 
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since in this method extreme frequencies are given 
much less weight than those around the 50-per-ccnt 
point. 

In Table 11 are presented the limens calculated by 
the quartile method for each animal and human sub¬ 
ject at each brightness level, together with the probable 
errors of these limens. Average limens for animal 

TABLE 11 

SeventY'Fifth per cent Limens and Pro n able Errors of 
Limens for Each Subject at Each Brightness Level. 
Also Showing Average Limens and Prodadle Er¬ 
rors FOR Animal and for Human Subjects and 
Differences and Reliabilities of Differ- 

ERENCES BETWEEN AnIMAL AND HUMAN 
Subjects 


D.L.1 

Ltb P-E-l 


D.L.III 
^70 F.E.^ 

B.L.IV 
h, P.E,i, 

Animal 








Hector .3B4 

.030 

.061 

.0040 

.126 

.0100 

-111 

.DOS 

Dido .180 

.01+ 

.007 

.0060 

.117 

.0092 

.073 

i006 

Menelnus .52^ 

.040 

.117 

,0092 

.127 

.0100 

,110 

.008 

Ulyssea 


.125 

.0090 

.100 

.0079 

.129 

.010 

Averages .363 

.026 

.090 

.000 

.117 

.009 

.106 

.000 

Human 








Richard .075 

.009 

.042 

.005 

.ocg 

.011 



Robert ,136 

.017 

.OBI 

,012 

.075 

.oil 

.1++ 

,022 

Mary 


.121 

.013 





Averages .105 

.013 

.061 

.000 

.070 

.oil 



(Rich. Rabt.) 








Av.an.,,-Av.j„ .258 


.037 


.0+7 




P- 

.029 


-Oil 


.0142 




B.3 


3.3 


3.4 



Chances in 100 IQO 

99 

99 




The above limens are cnlculated by the ciuartilc method described in 
the text. Animal limens are bnsed on results of the lost hundred dis¬ 
criminations made at each step of each level. Human limena arc baaed 
on all the data for human aubjectSj an average of 30 diacriminaliana on 
each step of each level. 
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and human subjects, differences between these, and the 
reliabiJities of the differences are also presented. If 
the average liincns for the animal subjects as given in’ 
the table arc compared with the imes ^vhich would be 
obtained from inspection of the average psychophysical 
curves given for the animal subjects in I'igure 10, it 
will be seen that they arc not greatly different, 

Thelimens presented in Table 11 may be examined 



FIGURE 10 

COMPOSITB PsYGHOPMYSrCAL CuRVfiS FOR AlL THli MONKDYS 
TrsTRD ON Each nKicHTKcss Lhvhl 
These curves arc drawn from the avcMRCS of ihc percentages of 
correct choices made by each nniinal tested at each brightness level. 
The ordinate reprttsents the average percentage of correct responses 
and the abscissa represents fractions of brightness dliTcrcncc. The 
curves for the four brightneSB levels arc represented ns follows. 

Brightness Level I solid line 

Brightness Level 11 brolcen line 

BrigUtnesa Level III dotted line 

Briglitncsg Level IV dot and clash line 
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for individual differences. If the average limens for 
the four animal subjects are computed for Bright¬ 
ness Levels II, III, and IV, the following results are 
obtained: 

Flector .099±.007 

Dido .092=t.007 

Menclaus .118=t.007 

Ulysses .118=b.013 

It is seen that the differences between these are statisti¬ 
cally unreliable, On Brightness Level I, however, the 
differences are much greater and are reliable. Dido's 
is the lowest, .ISOrh.OH, Hector’s next, .384=t.030, and 
Menelaus' highest, .S2S=fc.040, These differences in 
limens on all the levels correspond closely to the rela¬ 
tive variabilities in the psychophysical curves con¬ 
sidered for each brightness level above. Among the 
human subjects the lowest limens are found in the case 
of Richard, .062^.008, with Robert next, .097=b.013, 
and Mary last on the level at which she was used. It 
has been noted that Richard had had considerable 
practice at brightness discrimination which probably 
accounts for his low limens in comparison with the 
others. The difference betiveen Mary's and Richard’s 
limens on level II is significant, while that between 
Mary’s and Robert’s is not, being 2.3 times the P.E.diN- 
or 94 chances in 100 of being a true difference. 

Turning now to the average limens for each group 
of subjects on the different brightness levels we find 
that the animals’ average limen for level I is reliably 
higher than those for the other three levels. The 
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differences between die other three arc not reliable. 
With the human subjects, the average of Robert’s 
and Richard's limens for level I is greater than their 
averages for levels II and III. I’lic differences here 
are reliable (9^ chances out of 100). In the case of 
Robert the difference between his limens for level 1 and 
level IV is not rcliahle. 

At the bottom of the table arc given the differences 
between the average Jimeiis for tlic animal and human 
subjects (Richard and Robert) on the levels at which 
both animal and human subjects were tested. The 
average human limens are in all eases lower and the 
differences are reliable. If we compare the limens of 
Richard alone with the average of the animals the dif¬ 
ferences arc even greater in favor of the luiman. Com¬ 
paring them with Robert’s, however, the differences 
are not so consistent nor so great. Further, if we com¬ 
pare Robert, the poorer adult human subject, with 
Dido, the best animal, we find that the human limen is 
lower in two instances, almost equal in one, and greater 
in one, indicating very little difference over the whole 
range. Mary's limen on level II is higher, though 
not reliably so, than the average for the animals at that 
level. From these comparisons, then, it is apparent 
that the animal limens seem to be definitely higher on 
level I than the human ones. On the other levels the 
diflference is still slightly in favor of the humans but 
not nearly as great. The average differences arc in all 
eases reliable, 

The average limens for the animal and human sub¬ 
jects have been plotted against the standard brightness 
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FIGURE 11 

Showing the Limens for the Four Brightness Levels for 
Animal and Human Subjects as Given in Table 11. 

The ordinate represents fractions of brightness difference, (DI/I), 
and the points on the abcissn repiesent the standard brightnesses of 
the four levels expressed as logarithms of their values in inillilam- 
berts. The solid line represents the animal limens and the broken 
the human limens. 

of the levels expressed logarithmically in Figure 11.' 
It is seen that the line for the animals (the solid line) 
is at all levels higher than that for the human subjects 
(the dotted line). Their characteristic shapes, too, are 
different. While they both turn up at level I the slope 
is much sharper for the animal subjects. The relative 
threshold over the four levels is much more nearly con¬ 
stant for the human subjects than for the animals. 
With the relatively rough instrument used in this ex¬ 
periment it might be expected, from the accepted re¬ 
sults of Konig and Brodhun, Aubert, and others, 
brought together by Flecht (7, p. 761), that the rela¬ 
tive threshold for the human subjects would be more 
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or less constant over this range. That it is not abso- 
lutely constant for man, however, has been shown by 
the work of Lowry (7, p. 762), who measured the dif¬ 
ference threshold with precision and found it to be 
continuously changing over this brightness range. 
Again, the monkey relative threshold seems to ap¬ 
proach constancy on the three upper levels. The 
results as they stand seem to indicate that the monkey 
brightness vision is not nearly as good at the lower 
brightness of level I as at the other levels, 

There arc, however, certain possibilities that the 
liniens as determined for brightness Level I for the 
animal subjects are somewhat in error. As has already 
been noted, the variability among subjects at this level 
was greater than at any other. The experimental rou¬ 
tine of testing was slightly different from that of the 
other levels (one experimental period each day during 
the summer months). Dido’s limen for level I is 
much more nearly the same order of magnitude as her 
limens at the other levels than is the ease with the other 
animals. Again, the state of adaptation of the subjects' 
eyes at level I was in all eases above that which would 
be obtained from long regard of the standard bright¬ 
ness of that level. It was indicated in the section on 
calibration that the average brightness to which the 
subjects were exposed between trials was between the 
standard brightnesses of levels II and IV. Cobb (1) 
has found that the difference threshold in man is low¬ 
est when the eye is adapted to the standard of the test 
field, or is surrounded by a peripheral field of the same 
brightness as the test field. Thus, in this experiment 
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we would expect from the conditions of experimenta-* 
tion that the limens on level I would be somewhat 
higher than those for the other levels. Also, with the 
animal subjects, who were observed on occasion to look 
directly at the dome light in their reaction cage, the 
adaptation might be to a very bright light, much 
brighter than any regarded by the human subjects, who 
never looked at the dome light above the screen used 
with them. We cannot, therefore, be entirely sure that 
the turning-up which we found in our human sensi¬ 
tivity curve, and to a greater extent in the animal curve, 
does not in part incorporate an experimental error. 
Though the absolute value of the limens which we de¬ 
termined for the monkeys on level I may be some¬ 
what in error, the great difference for these and 
the ones for the human subjects at this level makes 
us inclined to believe that the difference is due in part 
at least to a real difference in the shapes of the monkey 
and human brightness-sensitivity curves. 

Concerning the absolute differences between the 
limens of the monkey and the human subjects, we 
hesitate to conclude that we have determined the 
magnitude or even the direction of these differences, As 
has already been suggested, we do not know about rela¬ 
tive general and specific practice which the two types 
of subjects may have had at brightness discrimination. 
Relative age and maturity status is about the only 
basis we have on which to match the subjects. Ob¬ 
viously, this criterion does not match them as to prac¬ 
tice. Probably the human subjects had the most prac¬ 
tice in everyday life, in reading, writing, and various 
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kinds of fine visual work; certainly the adult subjects 
had. Ag-ain, wc cannot compare the general set of the 
monkey and human subjects in the apparatus. The 
two adults, who were graduate stuilcnts in psychology, 
were acquainted with the general aim of the investiga¬ 
tion. The child was apparently made to feel at ease 
in the situation, and was told the general nature of the 
experiment. We obviously cannot say much about the 
general "set" of the monkeys. They seemed to work 
well and not to show undue apprehension except in the 
ease of Ulysses, as noted in the Protocols. Whether 
they worked to capacity or not w'c cannot tell. Time 
scores and consistency of performance indicate a rela* 
tive constancy of motivation and of other experimental 
conditions. Also the difTcrcnce in the type of response 
used by the animals and the adult human subjects defi¬ 
nitely distinguishes our subjects. Had the adults been 
required to make a motor rather than a verbal response, 
as was the child, the limciia so obtained might have 
been slightly different. 

Despite the obvious diflicultics with animal and hu¬ 
man comparisons in this situation wc feel that the rela¬ 
tively small diflfcrences in the liincns for the two groups 
of subjects on the three upper levels of this experiment 
indicate that the monkey and human brightness-dis¬ 
crimination capacities are not greatly different over 
this range of brightnesses (0.7 to SO.O millilamberts). 
At the lowest level (0.08 millilamberts) the dilTcrencc 
appears to be real. It therefore seems justifiable to 
state that over the normal range of daylight vision the 
monkey can be presented with as critical brightness-dis¬ 
crimination problems as can the human subject. 



IV 

SUMMARY AND CONCLUSIONS 

Limens for brightness discrimination at four abso¬ 
lute levels (0.08, 0.77, 7.1, and 55.3 millilamberts) 
with the light-adapted eye were determined for four 
young Rhesus monkeys. The animals were trained to 
reach toward the brighter window of a Yerltes-Watson 
light-discrimination apparatus for food. After pre¬ 
liminary training a modified method of limits was used 
at each level, with steps presenting brightness differ¬ 
ences ranging from easy discriminability to equality. 
The percentages of correct choices made at each step 
on successive experimental periods were grouped and 
limens calculated by the quartile method (75-per-ceat- 
correct choices). Discrimination times for three 
monkeys at two levels were grouped and analyzed. 
Two adult human subjects and one child of seven were 
tested under experimental conditions similar to those 
for the monkeys, 

From the results of the experiment the following 
conclusions are drawn. 

1. The average 75-per-cent limens for the monkeys 
in terms of fractional brightness difference (DI/I) 
were found to be: level I, 0.36=t.026; level II, .10± 
.008; level III, 0.12±.009; level IV, 0.11 ±.008. 

2. The average limens found with the two adult 
human subjects were slightly lower than those of the 
monkeys on the three upper levels, and a great deal 
lower on the lowest level. Differences in the amount 
of practice of the animal and human subjects, the dif¬ 
ference in the directions that could be given, and dif- 

[157] 
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ferenccs in the type of response make it impossible to 
say how valid are the absolute differences between the 
limens of the two types of subjects. 

3. A real dilfereiice in the characteristic shapes of 
the monkey and iuiinan brighlness-scnsiliviiy curves is 
indicated, since the relative ililfercncc threshold was 
found to be much more nearly constant over all the 
levels with the human subjects than with the monkeys. 

4. The results indicate that the Rhesus monkey 
may be presented with stimuli which necessitate a 
brightness discrimination about as fine as that which 
could be made by man over the normal range of day¬ 
light viaion. 

5. The results with human subjects show that the 
Yerkes-Watson Hght-cliscrimination apparatus is a 
more reliable anti valid instrument for studying bright¬ 
ness vision than has been indicated by the work of 
Graham and Nafe, 

6. Discrimination time for the monkeys has been 
found to increase in a more or less regular trend with 
a decrease in the brightness difference of the stimuli. 

7. Wrong responses, in general, required slightly 
longer discrimination times than did correct ones. 

8. Three modifications of the method of limits, a 
descending series with one response on each step, a 
descending followed by an ascending scries with one 
response on each step, and a descending scries with five 
responses on each step, all gave about the same limens 
(disregarding practice effects), with the two monkeys 
used in preliminary experimentation. The last method 
was the most convenient for use in the experiment 
proper. 
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LA DISCRIMINATION DK IIRIIXANCK ClIHZ LE S1N(»E RHESUS 
(A/dr/iroj Afulatfujj 
(K^mm6) 

tea aceila tie diacrlriilnaiian dc inillnnce t rpintre nivcniu nhniduH (0,0B, 
7|li ct Si,3 millilninberii), avcc rneil ndripi£ k In lumicre, onl 
d^lcrmin^B pnur quntre jeiinca ftiiiRes rh^niia (AMerrriij rnulnUuj). On a 
entrain^ lea nniiimiix h tertdre la main vcri In iinnrrinire h iravcrA 1'uu- 
vcrluic i Yolfil dc la engt dc rdaevit^n, A itavciti Twnc tU dtux purita dt 
Yerre clnir d'uiic “belle tic BiimubiB“, vers In fcneire piun \)riUniuc tie 
verre opalin irun appnreil de liiiniere YerkeaAVniKun. Apt^ii rcniraine- 
mciit pr^Uiniivnirc ou a tc&td Ua nuimaux avee dlveiaci mmliRcmimia de 
la mdiliodc de limiiea, Unc mdihodc nil I'nn n pr^jicnid ciiu| cliuix A 
chacunc d'nnc s^rje de ailundona de Hlinudii^, caudcini une (litniiiiiiinn 
progresaive de 1 r difference de hrilinnee d'une diacrmiinnilon facile jiisqii'A 
[’Agnlii^i a’cat monir^c in plan linlisirni^iinic, cn donimni lea nciiilH lea rnoina 
£lcv^a ct cn mnintcnnni une haute inolivaiinn pendani clinRUc jidrimlc. On a 
prfiacniA A cliaquc niveau de hrilliiicc une eerie comenaru de liuii l\ tlix 
Atnpcfl de difI6reiicc de briilance, de soric t]ue Imiininl a fait de qunrnnlc 
A cinquantc rdpennea de diacriminntinn A chnquc pi^ricide cxfidrimcritalc. 
On a leait lea aingca pendant iienie A cinqunmc p6rKiiles txpcrimciUulcs 
A clinqac niveau de hrillnncD pour ^liininer lea dfletK dr I'cjtcrcii r. On a 
dAterminA lea acnih (U dlflArcnce fraciitiuuunire de hrillanea n\i V5% dca 
choix corrccis n AtA fnil) cl'nprA!i lea r^siilintn den vingi derriirc^ pciinilcn 
cxpArimcntnlcH, r’cnt*A-(lirc, den 100 derni^ren rApnfincn de diHcriiuiiunion 
fnilcB A clinquc dtape de la dllTArcnrc de fUinniliin A Hiaijne niveau. On i 
noli IcB lcrnp3 de diaeriminnlion. On n cmpInyA dc^ ponuncTa el ties mini ns 
flees commea Htiiniilnnis. On n'n cmplnyA luininc piinitinn ijnc le inanr|uc 
d'obtenir la rAcampensc. On n UfiiA deux ndulies hnmnins et un enfant 
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dana de semblable conditions exp^rimentalcap Ila ont fait deg r^ponaea 
verbalea (aciultca) ou manuellea (enfant) et on leur a dit si leurg choix 
^talent justea ou faux. On a donnd moina d’^preuvea nux Bujcta humaina 
qu’aux Bujetfl animaux. On s^est aervi de controlca pour aBsUrcr 
tion dea r^ponaea aux rep^res aecondaircs. On a fait dea teats ovi I'oO 
a renvcrs6 la brillance ct I'intensitd lumincusc dca stimuli. Lea seuilg pour 
lea singes dans les differences fractionnaircs de brillance (Dl/1) pour IcA 
quatre niveaux ont etfi Niveau I, 0,36±0,026j Niveau 11, 0,10d:0,00B ; Niveau 

III, 0,12±0,009; Niveau IV, 0,11±0,OOB; et pour leg sujeta humains i Nivcail 
I, 0,01S±0,013; Niveau 0j061±Oj00Sj Niveau III, 0,070±0,0il; Nivcaii 

IV, 0,144±0,022 (un sujet human au Niveau IV). Les courbes camet^rifl' 
tli[uea de la sensitivity diffyreiitielle de brillance pour lea sujeta animaux 
et les humains aemblent etre difF^rentes. Tandis que les deux aont presque 
conatantea pour les trois niveaux aup6rieurs, le mouvement en haul aq 
niveau le plus baa eat reintivement beaucoup plua vertical pour le singe 
que pour Thomme, ce qui indique une plua grande efficacity poUr I'ocil 
humain dans les illuminations inf^rieures. On a conataty que le temps de 
discrimination est devenu plus long dans une tendance assez rygiiliyre avec 
la diminution de la difference dc brillance entre lea stimuli, Plus de 
mouvementa de comparaiaon ont yty faits par les animaux aux plui petites 
differences de clarty. On a conataty que Icq reponsca fauaaca ont exlgc 
dea temps de discrimination un peu plus longs que les rcponBcs juates, On 
a atandardisy une mythode cohyrente pour la dytermination dea seuib viaucli 
chez lea primates Bub-humaina, 

CRA\vroiU) 

HELLIGKEITSUN'TERSCHEIDUNG BEIM hhesusaffen 

{Maracus 7;jr//n//ur) 

(Ref era t) 

Die UnterBcheidungsach^selkn fiir vier absolute Sebiebten (O,0R, 0,77, 
7,1, und 55,3 Millilamberts) beim lichtangepassten Auge vrurden filr vier 
junge Jlhesuaaffen {Macactfs jnttlaiius) bestimmt. Die Tierc wurden traln- 
iert, nach Putter durch cin Fcnaterchen im Reaktionakafig zu greifen; durch 
eihe von zwei klnren Glaatiiren cines ^’Triebkaatens" (incentivc-box) zu 
greifen; nach dem hellcrem Opalglagfcnater cines Yerkea-Watson-Appara- 
tfiB 2u rEichen. Nach einer Voriibung wurden die Ticre mit vcrachicdeneD 
Verandemngen der Methode der Grenzen gepruft. Eine Methode, in clcr 
fOnf Wahlen bei jeder einer Reihe von Hcizstellungen dargeboten wurden, 
die eine forschreitende Abnahme dc3 Helllgkeitsunterschicdes von Icichter 
Unteracheldbarkeit bis zur Gleichheit vcruraachten, crwica sich alg die 
befriedigendflte Methode zur Darbietung der niedrigsten Schwcllcn und 
zur Behauptung der hohen Motivicrung durch jede Periodc hindurcli. Eine 
Reihe von acht bis zehn Slufen dea Helligkcltguntcrschicdes wurdc bei jeder 
Helligkeitsscliicht dargeboten, so dnaa von vierzig bis fiinfzig Untcrschcid- 
uhgaantworten vom Tier Wnhrend Jeder expcrimcntEllcn Periodc gemneht 
wiirden. Die Affen vrurden wiiUrcnil dreiaaig big funfzig experimcntcllen 
Perioden bei jeder PlcIIigkcitsachicht gcpriJft, urn die Qbungawirknngftn 
ausziiachalten. Die Schwcllcn (der nruclihclligkcitsiintcrsclucd, bei dem 
75 Prozent richtige Antworten gemaclit wurden) wurden von den Ergcb- 
niasen fOr die lelzteh zwanzig experimentcllon Ferlodcn, d.h, von den 
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leizrcn 100 UnlcracbcUlunj^aiilwMUn, tile bti Jctlcr Siufc iIck Rcizunlcr> 
BCliicdeH auf jcdcr Schichl gcmarhl wurrlert^ UrKcmCihcidungB* 

zciicn wutjcn aufgCMihrltbciv. Apfel anil RnMnrft vfutilcn aU AmTicljc 
gcliraucht, K^inc IkairnfunK aiiBicr tier Kichtcrhaliunit dcr llclahtiutig 
Wuide gcbjrnLicht crivAch^cnc ^lirriuthcn untj cirt iCinrl ivurdcu uriicr 

tlhiiliclien cxp^rimcnttillcn Umi<(dndtn Sic machicn Vcrii^ilnni- 

WDTV«f\ (lSrwach«ci\i*) odcr llAniltiniiMnrtcrt (Kindi m<mI Ihnen ^^fUTdc 
geaagrj ob Ihrc WnhUn frchii^ r>tl<?r Mjjjrcn, WcnJpfrr Drolicn wiir- 

den dfn mcnsthliclien Vpn. aU den X^crnithAiicrcn Knnirollpa 

Tvuidcn gclirniichtj um dc Au<iirhaliuhi!; dcr Aniivoiirh au( Ntlicrirelzt zu 
ver»icUeffi. PrOlungcn wurdtn aui^gcCvihrU in lUncn die HcIliMkeiii- 
und tichimlcn&ilQl dcr Keize urnRckehrl tvurden. l.)ie Schwcllcn 6ir die 
Aden in TlruchKclIiKkcidunlerschicdcn (1)T/I) for die vicr Srhkhicn \rnren; 
Schichi I. 0,36±0,026i Schiclil II. 0,10±0,008; Srhithi 111, 0,12±(I.005; 
ScMcht IV, O.UiiO.OOSj und iCir die incnKhrirbcn Vtm.; ScKkhi 1, U,10S±: 
€,0|]; Schichi II, 0,06l±0,0n8i Schiclii 111 0,070itil,0n j Kchichi IV, 
0,l«HiO,022 (cine Vengchsperson aiif Schiclu IV). Die charakieristUichcn 
Kuivcn dcr DiircrenlinlhelligkciHcmpliiidlithkcii fur die VcrMirli^iierc tmd 
VccagchsperiiQucn icheUien verschieden «u iicin. W'ahrcml lieiile beinalic 
unveriindcrllcK /Qr die drei Qhcrffchirhun aind, dcr AufriicK i>ci der 
nicdrrgiicn verlinlinimnSMlg vici- Jdcilcr hriin ArFeri ah licim Mcnatben, 
ivns aiif cine grbaEcre Wirhnumkck iiir dai incnKhlkhe Auge bcl nled/iKeren 
XlclligkcUcn ]iin>Teisi. Hie UntcrKhciduPRi«zcii zcigic cine Zunahinc der 
gcwSlmlichcn KIcliiung lici cincm abnehmenden jlcllighciHunicrschied 
zwiichcrt Reizen tiuf. Mchr VcrgleirlidicwcgiinKcn wnnlcfi von den Ticren 
hel den klcincrcn HelligkciiHiinicr»thicdcn gcinnchf. Knlfichc Aiitivorlcn 
verlangUn cin \veniK hngere UnlcincbcidunKuzciun hU die rirhligm. nine 
zuverlfiiijilge Mclhodu filr die ElcMirnmtihK dcr CUfkhisKhweUcn bci den 
McnBchenafTfin wurdo nlDndiirdhieri. 
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I 

INTRODUCTION 

The behavior of monkeys has been investigated from 
numerous angles during the past few decades. A sur¬ 
vey of the work in which problem boxes, simple tools, 
and multiple-choice devices were employed has been 
made recently by Fjeld (8). Since the present prob¬ 
lem lies within this field of experimentation, a review 
of the literature will be unnecessary in this connection. 
It may be pointed out, however, that most investiga¬ 
tors have used only from one to three monkeys in their 
work. Such factors as age, diet and care, preliminary 
taming, and conditions of testing were not sufficiently 
well standardized. Moreover, the rhesus monkey has 
been utilized in behavior studies much more exten¬ 
sively than the cebus monkey. This is probably due 
to the fact that the former is more readily available 
and has the reputation for being more hardy than the 
cebus when kept under ordinary laboratory conditions. 

The investigation of the rhesus monkey by Fjeld 
(8) marked a definite forward step in the application 
of standard methods to the lower primates. She used 
the Jenkins problem box in which a graded series of 
tasks can be presented to the subject with the aim of 
determining the limits of learning capacity on this de¬ 
vice. She also attempted to standardize age, diet (kind 
and amount of food at regular intervals), degree of 
hunger, method of handling and taming, and experi¬ 
mental conditions (incentives, illumination, elimina¬ 
tion of distractions from other animals and experi- 
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nicntcr, length and distribiilion of trials). She was also 
the first to make use of a su/IiL'iciU iiunihcr of monkeys 
(17 rhesus) to scevirc group indices on which the usual 
statistical comparisons could he bused. 

Tlie present prohlein may be regarded as an c.s:ten- 
sion of the method used by I'jehl to (lie cebus monkey. 
The general opinion seems to he iliat the cebus is less 
intelligent than the rhesus. There is little or no be¬ 
havior evidence bir this notion since comparable tests 
of consequettcc have not been carried out on those 
types. Tilncy (22) seems to fee) that the rhesus pos¬ 
sesses an intelligence level considerably higher than 
that ascribed by Thorndike (20), in his earlier work, 
to New World monkeys, llicrens dc Mann (I) and 
Kliivcr (12), on the other band, report that the rltesiis 
is far inferior to the cebus in the use of instruments. 
As a matter of fact not enough work has been done on 
the two types to make a fair comparison possible. The 
aim of the present e.xperimcnt was to determine the 
limits of learning in the cebus monkey umicr the sajne 
conditions used by Fjeld in testing rhesus, so that lim¬ 
its of learning in the two types could he directly cc)m- 
pared. It was also hoped that type ditTereaecs in mode 
of attack on the problem would be brought out, if any 
exist. 

It may be of interest to note, in passing, certain 
structural characteristics which distinguish the cebus 
monkey from the rhesus, 'riie cebus monkey has no 
cheek pouches, possesses a prehensile tail, and has .16 
instead of 32 teeth. According to Schultz (9), the five- 
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year-old male rhesus weighs 4310 grams, and Tilney 
(22) states the brain weight as 126 grams. The cor¬ 
responding figures for the cebus are 1290 grams and 
69.S0 grams, as given by Leche (13), The body-brain 
ratio in terms of weight is thus 34.2 for the rhesus and 
18.S for the cebus. It thus appears that the cebus has 
a somewhat smaller brain than the rhesus, but a much 
larger brain per unit of body weight. In general, how¬ 
ever, the New World monkeys are regarded as struc¬ 
turally more primitive than the Old World monkeys. 
While this is true, the inference that they are less in¬ 
telligent is hardly warranted on the basis of structural 
differences alone. No attempt will be made in the pres- 
net study to relate our behavior findings to structural 
differences in the two types of monkeys. 



II 

METHOD AND PROCEDURE 

The task of taking the data in the present experiment 
extended from July 1933 to September 1934. »Since 
our primary aim was to compare the cebus with the 
rhesus monkeys the method and procedure employed 
in our work was essentially the same as that of Fjeld 
(8), Our monkeys were kept in the same living quar¬ 
ters as the rhesus had been and tested in the same ex¬ 
perimental room. Each monkey was kept in a sep¬ 
arate cage 35,S inches deep, 27.5 inches wide, and 30.5 
inches high. The cages were arranged in a quadrangle 
and the enclosed court provided a suitable place for 
exercise. In as much as the method and procedure 
have been described in detail by Fjeld, it will be neces¬ 
sary to indicate here only the more important factors 
involved. 

Apparatus 

The apparatus used was a large model of the Jenkins 
Problem Box, a drawing of which is shown in Figure 
1. The cage is constructed of a steel framework of 
heavy wire mesh, and rests upon a maple base painted 
battleship gray. The main cage was 7 feet in di¬ 
ameter and all the dimensions were in proportion. 
The three reaction plates were located in the floor as 
shown in Figure 2, They were set flush with the floor, 
were wired for electric shock, and were adjusted to the 
weight of the animal, The inner door of the entrance 
compartment was operated by hand admitting the an- 

U72] 



LIMITS or LEARNING ADlLITY IN CEBUS MONKEYS 173 



FIGURE 1 


Jenkins Problem Box 

Parts of the one-way screen and cage liave been removed in order to 
make the interior of the apparatus more visible. The three plates 
the floor are wired for shock, the current being supplied through 
from the Jenkins Stimulation Apparatus (not shown). The elec^ 
trical system (not shown) operates through D to open tfie door of 
the incentive cage when a given problem has been solved. The cord 
leading up from the door of the entrance compartment runs over 
a pulley and is operated by the experimenter some distance away. The 
large central illumination chamber is shown pushed back from the 
apparatus. (By courtesy of Professor C. J. Warden.) 


fcu 5' 
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Floor Pmn of tiek Jrnkins Proiilbm Uox 
The broken line iiidicaiw a pcricck response in Step IV. The animnl 
starting at £ is required to step on the plnlcs in llic urdcr 1, 2, 3 and 
reverse to 2, to open ihr ciniir 1 ), and ohuin access lo the [aiid. (By 
courtesy of Professor C. J. Warden.) 

imal into the experimental cage. TJie door of tJic in¬ 
centive compartment was held shut by an electromag¬ 
netic device and was so constructed tliat it opened by 
force of gravity when released and came to rest by its 
own inertia. This door was thus practically noiseless. 

The large circular cage was lighted by four 25-watt 
and eight 40-watt bulbs set in a large reflector 38 in¬ 
ches in diameter by 13 1-4 inches deep, The reflector 
was larger in diameter than the inner cage so as to 
eliminate shadows from the framework and walls of 
the latter. The light was diffused tlirough sheets of 
opal and plate glass into the apparatus below. 'I'he 
entrance compartment was lighted by a lO-watt bulb 
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set in an ordinary reading-lamp reflector closed at the 
bottom with a sheet of opal glass, Tests were conducted 
in a room otherwise dark and the experimenter was 
eliminated by means of a one-way light screen. 

The switchboard and relays by means of which the 
operation of the inner door was controlled was located 
on the experimenter's control table at the right of the 
apparatus. This switchboard could be set so that the 
inner door opened automatically when any desired 
number of plates had been depressed. The depressing 
of the plates could be observed either directly or by 
observing the small signal lights on the switchboard. 
The experimental records were taken at the control 
table, the necessary light for this being supplied by a 
10-watt pilot light partly concealed in a dark box. A 
16-inch electric fan was run constantly at medium 
speed to serve as a noise screen. 


Subjects 

Six cebus monkeys were used in the experiment, five 
of these being white-throated capuchins and one of the 
brown variety. All of them were males. The exact 
age of the animals is not known since they were ob¬ 
tained from a local dealer. They were all prepubertal, 
however, and probably ranged in age from about 24 
to 30 months. Very little is known regarding the growth 
curve in cebus monkeys. The weights indicated in the 
protocols were obtained shortly before the experiment 
proper was begun. 
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Protocols 

Mnnkty Weight, 3+ ounces. Litnil, 6 sicpL 
Tin's monkey was in r-xccllcni pliymal ccimliiion nad 
adapted very readily to llic irrtining Hilualmru He was 
very tame nrul would <?ai nut of niy luand witliin a few 
(lays afier being luoiiglit into the labrjMEury. Me worked 
rapidly nnd cons^lcnily rruwt nf the lime in the problem 
box. On the Kcvcnih J^icp he appeared in li^c interest in 
the problem and kepi repcaliiiK the <tamc errors trial after 
trial. 

M^nkty iJ. Weight, 35 ownces, Limit, 14 steps. 

This monkey was in good phyMcnl condition ihrcuighout 
the cxpcrimcnul period. Me laritrd Ic^s readily limn the 
other monkeys and was always sity, but Uwmme well 
adapted to the laboratory routine in linie. As a rule In's 
reactions were very rapid and definite. Soinciimcs lie 
would complete three nr (our trials in gned order and then 
would dnsli around ilic apparatus paying very little heed 
to the plntes, On some days lie worked well throughout 
the series. This inconustence q( respanse was present 
throughout the experimental series. 

Afonkey C. Wclglit, 37 ounces. Limit, 15 steps. 

This animal appeared in perfect licnltli but was less phy^ 
fill than the other monkeys. He was very lame and re¬ 
acted consistently throughout the experiment. 

Moifkey D. Weight, 39 ounces. Limit, 5 Atepa, 

The physical condition of this nnimal was cxcellentj but 
he showed a marked tendency to be inactive. During the 
preliminary period he seemed inclined to sit near the door 
instead of exploring the box. In the early trials of the 
test period proper he often climbed upon the Avirc in nuad- 
rnnt A, chewing at the entrance door or clawing it with 
his hands. It was thought at first that he was not well 
motivated, hence a bit of peanut, for which he showed n 
distinct preference, was added to ilie incentive (apple and 
raisin). Ibis liad little effect iis lie wns easily discour¬ 
aged and spent much time in silting about, Incrcusing the 
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time per trial from three to five minutes was also in¬ 
effective. The animal was quite tame and showed no hesi¬ 
tancy in entering the apparatus. 

Monkey E. Weight, 42 ounces. Limit, 11 steps. 

This animal was of the brown variety. It showed a 
tendency to get diarrhea but this was remedied by reducing 
the amount of green vegetable in the diet. He tamed 
easily and was inclined to be playful. His behavior on the 
first trial was somewhat peculiar- He tended to run across 
a plate and then touch it again with his hind legs by back¬ 
ing up to it. This peculiarity disappeared hefotc the first 
step had been learned and did not reappear thereafter. 

Monkey F. Weight, 32 ounces. Limit, 8 steps. 

This subject was in good physical condition throughout 
and tamed very readily. He had a peculiar habit of keep¬ 
ing his fingers in his mouth much of the time and would 
attempt to lick the experimenter's fingers when possible. 

His movements in the apparatus were slow and he was 
easily discouraged. If he did not secure the food after 
slight effort he would often sit and wait until readmitted 
to the entrance compartment for the next trial. This be¬ 
havior was especially noticeable during the early trials of 
each step. 

Since the experiment was to last over a considerable 
period of time the care and feeding of the animals was 
a matter of considerable importance. After consulting 
various authorities at the zoological park it was decided 
to follow the feeding schedule which had been worked 
out at the Columbia laboratory for the rhesus monkey. 
This schedule, which provides this somewhat varied 
diet from day to day, is given below: 

Morning Afternoon Evening 

Sunday: Milk and eggs Wholewheat bread Onc-hnlf banana^ 

and raw carrot, 
also two peanuts 

^One sixteenth of a teaspoon of powdered Adex tablets mixed with 
bone meal was apread over encU poition of banana to insure the aufficicncy 
□f vitamins A and D. 



178 


AIKILI'II MliYHR KOCII 


Monday: Milk and c|iKs Huikd fitc and Onc-lmlf bnnana 

crlory 

I'ucstlayt ]\Iiik and ceani Iloilrd potalii and Onc-hnU banana 

IcLillCC 

Wednesday i Milk and W li n I c vv li c n t Ona-lmlf banana 

hrcail, Irlince, and 
hvn pPrtiiuu 

Tluirsduy: Milk and ci'j’s llnilcd rice and Oric-linlt b/mana 

celery 

Friday: Milk and e^l^si Whnkwiicat bread Orie-liaU baniina 

and Iclluco 

Saturday: Milk and Huilcd sweet pn- One-half banana 

lain and raw car¬ 
rot 

The general health of the animals was excellent 
throughout the experiment. The brown cebus (sub¬ 
ject 15) developed diarrhea on occasions so that a strict 
regulation of the ainouju of greens nlliuved this ani¬ 
mal was found necessary. The daily schedule (ollowcd 
throughout the cxperiinciil: was as follows: 

Early inornin^r. Mnnkuys irlcast'il ini-riln'r in ccmirul 
enclosure for exercise and exposure to .siiiiiamp ((iVncral 
Electric Siinlnmp, Minlel 1), vertically adjustublci Mazda 
lamp, type S-l bulb). 

8 ;00 to 8:30 Mnrninjf^ meal. 

9i00 to 11:00. Ca^cs denned and .supplied wiili water. 

11:00 to 3:00 I\ M, ICxperiinental luiruid (ibis varied 
somewhat from step to sicp). 

After experimental period. AftenuKin meal. 

6:00. Evcnin(j meal. 

A few facts should perhaps be noted regarding the 
adjustment of the animals to the laboratory conditions. 
Upon arrival at the laboratory a leather belt was 
placed on each monkey. Attached to each bell by a 
ring was a light chain approximately six inches long 
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with a ring at the end. Onto this ring was snapped a 
longer chain which served as a leash. After being in 
the laboratory for three days each monkey was taken 
out on the leash, fed sunflower seeds, and otherwise 
subjected to the taming process. The animals were 
sufficiently well tamed to begin experimental work in 
from one to two weeks, The period of adjustment was 
very much shorter than that found necessary by Fjeld 
for the rhesus monkeys. An attempt was made to bring 
all the animals up to the same degree of tameness. In 
no case was a monkey treated as a pet, the taming pro¬ 
cess being qualitatively the same for all. 

General Procedure 

After being tamed each monkey was placed in the 
entrance compartment for five minutes daily for a 
week or so. Raisins and bits of apple were dropped 
in to him during this period. After becoming adapted 
to the entrance compartment, the animal was intro¬ 
duced each day into the incentive compartment by 
means of a tunnel. This tunnel connected the entrance 
compartment and the incentive compartment and kept 
the animal from getting out into the main cage. Small 
bits of raisin and apple were placed in the incentive 
compartment and the animal allowed to secure these 
upon release from the entrance compartment. Since 
the monkey must return to the entrance compartment 
after securing the incentive each time this response 
soon became firmly established. In case the return 
was not prompt a slight pull on the long cord attached 
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to the animal served as a cue to this response. It seemed 
likely that the flashinj; on of the light in the entrance 
compartment when the door was raised also served as 
a cue. A few trials a day over a period of from one 
to two weeks fixed the habit of returning to the en¬ 
trance comparlincnt without help from the experi¬ 
menter. In the ease of subject E, the long cord had to 
be retained through the experiment proper since the 
animal occasionally failed Ut return with sufficient 
promptness. As soon as an animal had learned this 
routine the regular experimental series was begun 
without the tunnel. 

The procedure for these trials in the regular ex¬ 
periment was as follows: 

1. The incentive comp.irtmcnt was baited, the large 
reflector lighted, and the room lights turned oil. 

2. The monkey was brought into the experimental 
room and placed in the entrance compartment. 

3. The door into the reaction compartineiit was 
raised by the experimenter who was seated at the con¬ 
trol table. 

4. This door was lowered behind tlic animal as it 
left the entrance compartment. 

5. After performance the animal secured the food 
in the incentive compartment and returned to the en¬ 
trance compartment. 

6. The apparatus was tlien reset for the next trial, 

After testing for food preference a small raisin and 

a bit of fresh apple were adopted as the incentives. 
These foods were strictly excluded from the regular 
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diet of the animal. Since subject D showed a marked 
preference for peanuts, one-fourth of a peanut kernel 
was included in the bait for this animal. Motivation 
appeared to be at a high level throughout the experi¬ 
ment. Each animal was given three sunflower seeds 
after every five-trial series in order to keep the animals 
used to the experimenter. 

In a few cases the monkey tended to exhibit stereo¬ 
typed errors over a series of trials. Such errors could 
be broken up fairly readily by the use of delay as pun¬ 
ishment. A delay of IS seconds before allowing the 
animal to enter the incentive compartment after each 
stereotyped performance was usually effective in time. 
In such cases the animal was required, of course, to 
correct its performance. 

During the first two weeks the monkeys were brought 
up gradually to the level of five trials per series, and 
this rate was continued thereafter. After all of the an¬ 
imals had completed one five-trial series, a second ser¬ 
ies was given in the same order. The norm of mastery 
was nine perfect trials out of ten. A perfect trial con¬ 
sisted in a direct response to the plate or plates in the 
proper order without irrelevant behavior. In prob¬ 
lems involving several plates, it was necessary for the 
animal to indicate the end of the series either by hesi¬ 
tating after the last plate was touched off or by going 
directly to the food compartment. As soon as the re¬ 
quired degree of mastery was obtained the animal was 
immediately transferred to the next step. Failures were 
recorded when the animal did not succeed in touching 
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off the necessary plates within three minutes. In such 
cases the animal was returned to the entrance compart¬ 
ment without reward. A corrected trial was recorded 
when the animal made errors during the trial but fin¬ 
ally touched off the plates in the proper order within 
the ihrec-miiuite limit. In some insiaiiccs the errors 
were interspersed at different points within the true 
pattern. The animal was alloweil access to the incen¬ 
tive alter the completion of these corrected trials. 

Two more or less distinct scores were taken; (n) 
learning scores—trials, errors, and minutes; (/>) activ¬ 
ity scores—number of plates depressed, quadrants tra¬ 
versed, number of plates touched per quadrant 
traversed, number of plates touched per minute, num¬ 
ber of quadrants traversed per minute, and various 
types of errors, The term "quadrants” refers to a di¬ 
vision of the floor into four sectors by imaginary lines 
which cut across the center of each plate. A descrip¬ 
tion of various other kinds of behavior activities was 
included in the record and was useful in interpreting 
various behavior scores. 

Special PiiocEouRii poit the Various' Proiilems 

The experiment may be conveniently divided into 
two parts: (a) the basic problem, (/>) the advanced 
problem. Since the procedure differed somewhat in 
the two problems it will be necessary to point out what 
the differences arc: 

Baste Problem. The task here consists of three 
steps, In Step I the monkeys were trained ;to touch 
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plate 1, the first plate to the right as they entered the 
reaction compartment (see Figure 2). In Step II, 
plates 1 and 2 must be depressed in order. In Step IIIj 
plates 1, 2, and 3 must be depressed in order. Each 
step was learned to nine perfect trials out of ten be¬ 
fore the subject passed on to the next step. Electric 
shock was not used as punishment in connection with 
the basic problem. 

Advanced Problem. The advanced problem in¬ 
volved a continuation of the pattern beyond the basic 
problem by graded steps. The reaction required in 
Step IV (first step of the advanced problem) is illus¬ 
trated in Figure 2. As will be noted this requires a 
reversal of direction after stepping on plate 3, before 
stepping on plate 2 to complete the performance. Step 
V included the series of plates 1, 2, 3, and reversing 
direction to 2 and 1. An additional reversal of direc¬ 
tion would be required, of course, on Steps VI, VIII, 
X, XII, and XIV. The subject was required to learn 
each step to nine perfect trials out of ten before being 
transferred to the next step. When an animal failed 
to reach this norm of mastery on a given step within 
1000 trials, training was discontinued, and the preced¬ 
ing step was taken as the limit of learning for the an¬ 
imal. Since no animal required more than 562 trials 
to learn any step which was learned, the 1000-trial cri¬ 
terion for final failure would seem to be a generous one. 
As a matter of fact an animal seldom showed any tend¬ 
ency to improve during the latter half of the series. 

In the advanced problem electric shock was used to 
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serve as a cue in learning the various steps. The strength 
of the shock was not very great and was given only 
when the animal stepped on the wrong plate. The 
shock was produced by an alternating current of 60 
cycles, with a terminal pressure of 200 volts, an exter¬ 
nal resistance of 10,000,000 ohms in the circuit, and a 
cu rrent of 0.02 mill ianipcrcs. The apparatus which con¬ 
trolled the current was the Jenkins Stimulation Ap¬ 
paratus wliich is described in detail by Jenkins, War¬ 
ner, and Warden (24). The above strength of shock, 
which was found suitable for the cebus monkey in our 
work, was mucli less than that utiVized hy Pjeld on the 
rhesus monkeys. This should be expected in view of 
the fact that the body weight of the cebus monkey is 
much less than that of the rhesus. Our observations led 
us to believe that the light shock used operated as a 
signal rather than as a punishment. 

In general the advanced problem should be regarded 
as a continuation of the basic problem so far as the 
animal is concerned. Aside from greater complexity 
of pattern, the former involved a new element of a re¬ 
versal of direction from time to time. On the side of 
procedure, the chief element of novelty in the advanced 
problem consisted in the use of shock for errors. It 
should be pointed out, perhaps, that the various steps 
on the apparatus varied greatly in difficvilty. Any 
given pattern, therefore, does not represent a perfectly 
graded scries of steps in terms of case of mastery, 
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THE BASIC PROBLEM 

The data secured in this experiment have been di¬ 
vided for the sake of convenience into two classes, 
learning data and activity data. Under learning data 
are included trial, error, and time scores. Under ac¬ 
tivity data are included all other scores representing a 
more detailed analysis of behavior. 

Learning Scores 

The individual learning scores for the six monkeys 
in the three steps of the basic problem are presented in 

TABLE 1 

Results of Basic Pb-odlbm Showing Individual Learning 

Scores 


Animals 

Total 

Failu 

Trinla 

re Perfect 

Errors, 

total 

Minutes, 

total 

Males 

A 

BO 

3 

Step I 

16 

351 

33.75 

. D 

243 

5 

52 

1022 

70.12 

C 

47 

8 

12 

168 

32.93 

D 

84 

20 

IH 

403 

97.22 

E 

327 

6 

75 

921 

91.77 

F 

42 

5 

16 

73 

23.07 

A 

S 

0 

Step II 

2 

53 

3.25 

B 

71 

3 

1 

355 

20.05 

C 

82 

0 

5 

144 

15.15 

D 

41 

0 

25 

53 

5.B2 

E 

129 

0 

7 

516 

29.07 

F 

135 

24 

32 

540 

124-12 

A 

34 

0 

Step III 

10 

89 

10.35 

B 

37 

1 

1 

107 

9.B3 

C 

91 

□ 

4 

123 

14.67 

D 

83 

0 

31 

200 

21.97 

E 

280 

0 

59 

1197 

71.02 

F 

BO 

0 

32 

172 

22.65 
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"rable I. These scores represent the learning period 
up to, but not Including tlic norm. Thus, the last eight 
or nine trials were dropped off, depending upon 
whether there were nine or less perfect trials in suc¬ 
cession. The total number of failure trials and the 
total number ol perfect trials for each subject are 
shown in the table, as well as the total number of errors 
and niiinitcs. As mentioned previously, a failure trial 
is one in which the animal fails to touch off the neces¬ 
sary plate or plates in the allotted time of three min¬ 
utes, and thus does not secure the reward. A perfect 
trial is one in which the subject goes directly from the 
entrance compartment, touches off the plates in the re¬ 
quired sequence, and enters Ihc food compartment 
without hesitation or irrelevant behavior. Corrected 
trials have been defined in the previous section. 

TAHMC 2 

SHOWINQ MtiAaUJUlS ok CliNTRM. Thnukncv and Vaiuauii.itv 
FOR Trials, Errors, and Minutks in tiih 'I'iiri'.I: 

Stsks ok tiik Dasic PHOnl.H.M 



Median 

Average 

Karine 

Uiinrlilc AvtrnMt^ 
ilevia- (Ifivi.i- 
ilrui linn 

I 8laud- 

II rd ikvin- 

linn 

Cucfli- 
riciu gF 
vnriniion 

Trinls 

B2,00 

137,17 

Step 

4M27 

59.50 

SO.H] 

106.41 

73.03 

Errors 

377.00 

+09.67 

7M022 

270.75 

292.13 

356.99 

73.51 

Miiuites 

51 . 9 + 

58.16 

23.07-97.22 

26.48 

20.23 

29.C1 

50.91 

TriaU 

yfi.so 

77.67 

Step 11 

0-115 40.50 

17.67 

4S.06 

56.01 

Errors 

249.50 

276.01 

53-540 

191.25 

193.50 

204.29 

73,80 

Minutes 

17.60 

32.91 

3.25-121.12 

10.01 

24.84 

11.69 

J26.6H 

Trials 

0L5O 

100.61 

.Slep 

14-200 

ni 

25,75 

50.50 

61.15 

02.47 

Errors 

147.50 

31+.67 

69-1197 

44.00 

206.33 

396.4 0 

125.97 

Minutes 

1B.32 

25.00 

9.B3-7i,na 

6.(1 

13.47 

2IJ.5 

04.33 





LIMITS OF learning ABILITY IN CEB US MONKEYS 


187 


The measures of central tendency and of variability 
are presented in Table 2, Due to the small number of 
subjects and the great variability, the median may be 
considered a better measure of central tendency than 
the average. The median is much smaller than the 
average for the total group in all cases. 

The performance is characterized by a very wide 
range, whether measured in terms of number of trials, 
errors, or minutes, This shows that some of the mon¬ 
keys learned very quickly and with relatively few 
errors, while others required a large number of trials 
and made very many errors. The extreme variability 
of the group is also shown by the other measures of 
variability. Due to the small number of animals and 
the spread of the scores, the quartile deviation is, per¬ 
haps, the most significant of these measures. The 
other measures, however, are presented in order to al¬ 
low comparisons to be made with similar studies on 
other animals. 

The high variability of the scores may be due in part 
to the nature of the experimental set-up and in part to 
genuine individual differences among the subjects. The 
experimental conditions were such as to bring about 
a decrease in the chance factor from step to step. In 
the initial attack upon Step I, for example, it was 
largely a matter of chance whether or not the monkey 
touched off the first plate within the time limit im¬ 
posed. As shown in Table 1, there were 47 failure 
trials on Step I, 27 on Step II, and only 1 on Step III. 
These ,figures suggest that the amount of variability 



[83 


AIXH.I'H MKYXn. KOCIi 


may have been due in part to the di(Terence in the 
weighting of the cliancc factor from one stage of the 
learning process to another. 

The question arose as to whether the high variabil¬ 
ity may not have been the result of using a rigorous 
norm of mastcry—ninc perfect trials out of ten. In 
order to settle this point, the data were computed for 
each step on the basis of two lower norms; four per¬ 
fect trials out of five (norm 2), and one perfect trial 
(norm 3). In making comparisons, it should be borne 
in mind that the higher norm was actually employed 
in the training. The figures for Step II and III, 
based upon the lower norms, do not show what would 
have happened if the animal had been pushed ahead 
as soon as these lower stages of fixation were actually 
reached, The averages and variability indices for the 
three norms on the several steps arc given in Table 3. 
The averages are, of course, much lower when com¬ 
puted on the basis of the less rigorous norms of mas¬ 
tery. The influence of the norm factor on variability, 
however, is not very great in most cases. Nor is the 
amount of variability always less for tlie lower norms. 
It seems unlikely, therefore, that the use of a rigorous 
norm had any consistent influence upon the variability 
of the scores, 

The high variability seems to be due primarily to 
diversity of characteristics obtaining among the few 
subjects used. According to Fjcld (0) the most im¬ 
portant of these for the monkey in this problem box 
are the following: difTcrenecs in age, in playfulness. 
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TABLE 3 

Showing Measures op Central Tendency and Variability 
FOR Trials, Errors, and Minutes for the Three Norms 
IN THE Three Steps of the Basic Problem 


Norms 

Median Average 

Kange 

Qunrtile Average Stand- 
devia- devia- arcl devia¬ 
tion ticn tlon 

Coeffi¬ 
cient of 
variation 




Step I 







Trials 




1 

32 

137.17 

42-327 

59,5 

80.83 

108.41 

79.01 

2 

67 

02.17 

17-191 

32.5 

44.5 

56.60 

60,08 

3 

37 

54 

9-150 

27.25 

39,67 

49.31 

91.31 




Errors 




1 

377 

489.67 

73-10R2 

270.75 

292.33 

358.99 

73.31 

2 

363,5 

420,33 

73-845 

228.5 

234,67 

284.76 

67.75 

3 

2Ba 

347.5 

48-721 

210.5 

230.83 

254.00 

73,09 




Minutes 




I 

SXM 

58.16 

23.07-97.22 

26.48 

28,23 

29.61 

50.91 

2 

44.2S 

53.05 

23.07-95,47 

21.64 

24.72 

27,66 

52.14 

3 

38.03 

40.81 

16.92-95.42 

22.0 

26,10 

29.57 

60.58 




Step 

H 







Trials 




1 

76.5 

77.67 

8-135 

40.5 

37,67 

45.06 

58.01 

2 

S3 

55,5 

8-129 

34.25 

38.5 

41.35 

78.11 

3 

21 

20 

3-37 

12.5 

11.33 

13.90 

69.50 




Errors 




1 

249.5 

276.83 

53-540 

191.25 

193.5 

204.29 

73.00 

2 

178,5 

218.17 

28-516 

121.75 

143.17 

17.46 

78.59 

3 

U8 

134.5 

26-284 

77.75 

88.5 

94.99 

70.62 




Minutes 




1 

17.6 

32,91 

3,25-124.12 

10.01 

24.84 

41.69 

126,68 

2 

17.6 

20.16 

1.28-52.13 

11.15 

13.54 

17.15 

85.07 

3 

8.03 

14.68 

.72-52,03 

5.7 

11.35 

17,48 

119.07 




Step 

III 







Trials 




1 

81.5 

100.83 

34-2S0 

25.76 

50.5 

B3.1S 

82.47 

2 

37 

45.5 

n-91 

2D.2S 

22.5 

28.68 

63.03 

a 

11 

19.83 

1-66 

5.25 

12.83 

21.37 

107.77 




Errors 




1 

147,5 

314.67 

89-1197 

44 

208.33 

396.4 

125.97 

2 

115 

141.17 

15-379 

35.25 

68.03 

112.76 

79.00 

a 

68.5 

57.5 

15-92 

32.5 

26.5 

31.4 

54.61 




Mini! tea 




1 

18,32 

25.00 

9-B3-71.0Z 

6.11 

13.47 

21.15 

84.33 

2 

13*87 

12.30 

1.60-19.17 

4.68 

4-14 

5.54 

45.04 

3 

8.11 

6.65 

.58-11,35 

4.16 

3.35 

4.15 

62.41 
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in the formation of stereotyped errors of the position- 
habit type, in the occurrence of specific reaction tend¬ 
encies, in the amount of transfer effect from step to 
step, and in genuine individual differences in learning 
ability. 

Although our monkeys were presumably of about 
the same age, no definite check on this point could be 
made. They were all in the prepubertal stage of de¬ 
velopment but the precise age could not be vouched 
for by the importer. The weight data secured proved 
to be of little value because the growth curve for the 
cebus monkey has not been worked out as yet. 

The degree of tameness may have been effective but 
not in any very important way. The cebus monkey is 
m^ch more readily tamed than the rhesus monkey. The 
protocols indicate that some of our animals were tamer 
than others in spite of our effort to equalize this con¬ 
dition. None of them showed a definite conditioning 
against the apparatus as sometimes occurs in rhesus 
monkeys. 

Some of the monkeys exhibited too much playful¬ 
ness at times as indicated by an increase in time and 
error scores. This was true of subject E throughout 
the tests on the basic problem, and of subject /I on 
some of the advanced problems. In the latter case, 
the playfulness increased as the tests proceeded. Ster¬ 
eotyped behavior of the position-habit type was not 
observed. Specific reaction tendencies were exhibited 
by some of the subjects from time to time. This would 
seem to be indicated by the fact that there was little 
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or no consistency in the relative difficulty of the several 
steps from monkey to monkey, It is true that Step I 
was on the average more difficult than the other two 
steps. Nevertheless, Step I proved to be the easiest of 
all for subjects C and F. As Fjeld has pointed out, 
such differences in relative difficulty are probably due 
to specific reaction tendencies, peculiar to the individ¬ 
ual, which influenced the rate of learning on one step 
more than on another. The influence of transfer-of- 
training effects will be discussed in a later section. In 
the last analysis, it would seem that the differences in 
score represent largely genuine differences in learning 
capacity. However, the lack of consistency in the 
scores of an animal indicates clearly that "ability to 
learn cannot be judged on the basis of one step alon 

A modification of the Vincent method was used to 
represent trends in errors and time in the learning of 
the several steps. This method consists in taking the 
percentage of errors or minutes for each tenth of the 
total number of trials required to learn for each in¬ 
dividual animal. These values were then combined 
so as to represent the corresponding group scores. 
These percentages are shown in Table 4. It will be 
seen that if these values were plotted in curves the 
form would be that of typical error and time learning 
curves. As might be expected, there are a few irreg¬ 
ularities. • 

Activity Scores 

In dealing with the activity scores I find it conven¬ 
ient to follow the classification of Fjeld by recogniz- 
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TABLE 4 

Showino AvntiAOB Phhcentacb Scores in Errors and Time 
FOR Each Tenth of tub Luarnino Psriod in tub Tmrhb 
Steps of tub Basic Frodlrm 


Tenth s 

xSlGp I 

Errors 'rime 

«Sicp 11 

Krnirs Time 

Step III 

Error R Time 

in 

24.98 

36.85 

32.91 

29.18 

17.05 

17.35 

2nd 

19.51 

2J,»7 

9.58 

J3.fl0 

n.67 

12.34 

3rd 

iUi 

11.50 

5,57 

3.95 

6.H3 

7.93 

4ih 

1[.4Q 

9.06 

6.04 

3.6B 

9.22 

10.2B 

jih 

S.5I 

6.46 

10.29 

13.97 

7.-11 

7.16 

<ilh 

7,66 

4.B9 

10.03 

14.75 

B.69 

a.00 

7lh 

3.68 

2.75 

6.40 

5.75 

0.69 

9.69 

aih 

UA 

2,24 

7.70 

7.46 

10.54 

10.01 

9i1i 

3.00 

1.67 

5.99 

4.09 

9.27 

8.71 

lOlli 

3,95 

2.71 

4.61 

3.37 

0.63 

8.53 

Totnli 

100.00 

100.00 

100.00 1 

100.00 

100.00 

100.00 



r 
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Rbsuets op Uabic Proiilbm Showino Individual 

Activitv 




SCORBS 









Plnics 

Qundrnnli 


Flolcs 

QuQdrnniti Qundnmls 

per 

per 

Animali 

depressed 

iravcrscd perplnle 

miiuilc 

mlnuLc 




Step I 




A 

223 

521 

2.34 


£.61 

15.44 

B 

4S0 

2155 

4.49 


(I.S5 

3073 

C 

69 

334 

4.04 


2.10 

10.14 

D 

77 

995 

J2.92 


.79 

10.23 

E 

609 

1793 

2.94 



19.54 

F 

46 

127 

2.76 


l.<)9 

5.50 




Slep 11 




A 

4B 

66 

1,38 


14.77 

20.31 

B 

264 

552 

2.09 


13.17 

27.53 

C 

197 

250 

1.31 


13.00 

17.03 

D 

105 

133 

1.27 


ie.04 

22. B 5 

E 

501 

942 

1.62 


19.99 

32.40 

F 

364 

955 

2.62 


2.93 

7.69 




Step III 




A 

' 143 

IBB 

1.31 


13.S2 

1B.16 

B 

149 

207 

1.39 


15.16 

21.06 

C 

2B5 

305 

1.07 


19.43 

20.79 

D 

347 

534 

1.54 


15.79 

24 Jt 

E 

160B 

2104 

1.31 


22,61 

29.63 

P 

295 

366 

1.24 


13.02 

16.16 
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ing three categories: (1) scores obtained directly by 
observation, (2) scores computed from the original 
time and activity records, and (3) scores obtained by 
analyzing errors into various classes. These three 
groups of scores will be discussed in order. 

The first group includes the number of plates de¬ 
pressed and the number of quadrants traversed. The 
first of these indicates the amount of activity directed 
toward the'plate, while the last is a measure of general 
activity. Since both scores are directly affected by the 
length of the learning period they are fairly closely 
related to the learning scores. Thus if an animal took 
a long time to learn he would likely depress more plates 
and traverse more quadrants than if he learned more 
quickly. The medians and averages indicate consist¬ 
ent increases in the number of plates depressed from 
step to step. This should be expected because of the 
increase in the number of plates involved in the so¬ 
lution of each succeeding step. An opposite tendency 
was shown, however, with reference to the median and 
average number of quadrants traversed. This would 
seem to indicate that extraneous activities decreased 
from step to step as the attack upon the plates became 
more and more direct. The measures of variability. 
Table 6, indicate marked individual differences in the 
number of plates touched and the number of quadrants 
traversed, These differences agree fairly olosely with 
the corresponding differences in the learning scores 
(Table 2). Doubtless the same factors contributed to 
variations from individual to individual in both cases. 
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These factors have already been discussed in connec¬ 
tion. with the learning scores. 

A modified Vincent method, as mentioned above, was 
used to bring out trends in number of plates touched 
and number of quadrants traversed. A gradual de¬ 
crease in these types of behavior occurred for each of 
the several steps, as indicated in Table 7. It should 

TABLE 7 

Showing Average Percentage Scores for Number of Plates 
Depressed and Number of Quadrants Traversed for 
Each Tenth of the Learning Period on the Three 
Steps of the Basic Problem 


Step I Step II Step III 

Tenths Plates Quadrants Plates Quadrants Plates Quadrants 


1st 
2nd 
3rd 
4th 
5 th 
6th 
7th 
Bth 
9th 
10th 
Tata] 


14.53 

15.20 

13,14 

9.95 

9.7S 

9.22 

7.17 

7.56 

6.^4 

6.64 

100.00 


37.27 

19,01 

11.29 

B.17 

6.43 

4.84 

3.76 

3.17 

2.04 

4.02 

100.00 


20.7B 

8,79 

8,27 

7,89 

10.01 

10.65 

8.47 

9.43 

8.34 

7.37 

100.00 


30.18 

9.12 

5-75 

5,40 

10.98 

11.35 

6.92 

B.12 

6.61 

5.57 

100.00 


13.20 

11.64 

B.70 

9.23 

8.77 

9.16 

9.76 

10,26 

9.69 

9.59 

100.00 


15.23 

11.77 

8.04 

9.21 

7.86 

B.64 

9.75 

10,74 

9.15 

9.61 

100.00 


be remarked that the results of Fjeld on the rhesus 
monkey show an increase in plates touched on Step I. 
This would seem to mean that the cebus monkey 
learned to react to the plates on the floor rather early 
in their performance on Step I. This would mean that 
the problem gradually narrowed down to the correct 
plate in Step I as in the other two steps in the case of 
our monkeys. 

The second group of scores (computed scores) in- 
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eludes the number of quadrants traversed per number 
of plates depressed, the number of plates depressed per 
minute, and the number of quadrants traversed per 
minute. Tlie quadrant-plate ratio was obtained for 
each individual on a given step by dividing the total 
number of quadrants traversed by the total number of 
plates depressed by that animal. A perfect quadrant- 
plate ratio would be, of course, 1, regardless of the 
step involved. This ratio gives a fairly accurate meas¬ 
ure of the proportion of the excess activity which was 
directed toward the plates. The other two computed 
scores—number of plates depressed per minute, and 
the number of quadrants traversed per minute—re¬ 
quire no c^cpianalion. Both of these scores indicate 
the relative speed of activity during the performance. 

These three types of computed scores arc given in 
the last three columns of Table 5, and the measures of 
central tendency and of variability in Table 6, The 
measures of central tendency indicate a marked im¬ 
provement in the quadrant-plate ratio from step to 
step, while the measures of variability show very 
striking decreases in differences within the group. 
There is also a corresponding decrease in the range 
from step to step. The wide range on Step I was prob¬ 
ably due, in part at least, to the chance factor, which 
affects this step more than later steps, and in larger 
part to thcrdifficulty in learning to react to plates. The 
measures of central tendency (or spccd-of-activity 
scores show large increases in the scores from step to 
step while the coefficients of variation show an evident 
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trend toward decreasing variability. The group as a 
whole then shows a speeding-up of plate and quadrant 
activity accompanied at the same time by a decrease 
in the variability with each succeeding step. The data 
for the speed-of-activity curves on the three steps are 
shown in Table 8, These trends were obtained by the 

TABLE 8 

Showing Average Number of Plates per Minute and Quad¬ 
rants PER Minute for Each Tenth of the Learning 
Period on the Three Steps of the Basic Problem 


Step I Step II Step HI 

Plates Quadrants Plates Quadrants Plates Quadrants 
per per per per per per 

Tenths minute minute minute minute minute minute 


Ut 

1.71 

17.21 

5.62 

15.22 

14.28 

21.59 

2nd 

3.01 

14.79 

S.34 

10.32 

17,72 

23.4R 

3rd 

4,94 

16.70 

16.54 

21.41 

20.62 

24.98 

4th 

4.76 

15,35 

16.92 

21.60 

16.87 

22.04 

5th 

6.53 

16.93 

5.66 

11.57 

23.01 

26.99 

6 th 

8,17 

16.B6 

5.70 

11.33 

21.53 

26,60 

rth 

11.27 

23.28 

11.61 

17.68 

18.93 

24.76 

ath 

14,65 

24.16 

9.99 

16.02 

19.24 

26.41 

9th 

17,76 

20.86 

13.47 

19.90 

20.B8 

25.84 

10 th 

10.60 

25.24 

17.24 

24.29 

21.12 

27.75 


regular Vincent method. The curves for plates per 
minute and quadrants per minute roughly indicate as¬ 
cending tendencies with drops interspersed here and 
there, for both curves. This further indicates the in¬ 
crease in activity from step to step as representative of 
the group. 

The third general kind of activity scofes refer to 
the various types of errors made in solving the prob¬ 
lem. In the analysis of errors the following classifica¬ 
tion was used; 
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Omission of Plales. This type of error was checked 
when a plate was omitted, the preceding and succeed¬ 
ing plate in the scries having been depressed. 

Wrong Plates. This involves depressing a plate out 
of the proper sequence. 

Wrong Direction. This incliulcs cither starting the 
trial in the wrong direction or approaching the right 
plate in the wrong direction. 

Irregular Course. This involves zigzagging back 
and forth in the apparatus, and only one error was 
counted on a given trial. 

Climbing, The error of climbing about the ap¬ 
paratus was checked only once in a trial, 

Entrance Door. This included going to or waiting 
at' the entrance door. 

Inner Door. This included going to or working at 
the door of the incentive compartment. 

Going Around. This refers to going around in the 
incentive compartment without touching plates. 

Running Beyond. This involved a tendency to run 
around the box or to work at the plates instead of going 
directly to the incentive compartment when the series 
had been completed. 

Miscellaneous. This class included such incidental 
reactions as reaching to the top of the cage instead of 
stepping on the plates, pulling at the string of the en¬ 
trance door„ and touching the plate too lightly to de¬ 
press it. 

An analysis of the errors into these several types is 
shown for the several steps in Table 9. The values 
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TABLE 9 

Types of Errors, Showing thb Distribution of Each on the 
Three Basic Steps 


Types of errors 

Step I 

Step II 

Step III 

Oinisalon of p/atea; 

Plate 1 

.47 

B.41 

12.23 

Plate 2 

.00 

.07 

1.64 

Plate 3 

.00 

.00 

.56 

Wrong plates: 

Plate 1 

.00 

2+.1I 

17-09 

Plate 2 

14.13 

5.56 

17.09 

Plate a 

11.15 

S.89 

15.01 

Wrong direction 

27,19 

7.15 

13.62 

Irregular course 

3.02 

1.99 

.69 

Climbing 

3.59 

3.44 

4.3S 

Entrance door 

5.21 

6.89 

.44 

Inner door 

11.26 

29.74 

12.fi D 

Going around: 
Counterclockwise 

3.76 

.66 

.13 

Clockwise 

15.65 

.60 

.57 

Running beyond 

3.69 

2.91 

2.65 

Miscellaneous 

M 

2.S8 

1.13 

Tot^l 

100.00 

100.00 

100,00 


there given represent the percentage of each type of 
error when the total number of errors for each animal 
in learning a step is used as a base. The table indi¬ 
cates, generally, that in each succeeding step there is a 
tendency for the percentage of errors having to do 
with the plates to increase and the percentage of ex¬ 
traneous errors to decrease. Obviously, such a result 
might be expected since with each step one or more 
classes of errors concerned with plates are added. In 
examining the table for the three types of errors having 
the highest percentage frequencies for the various 
steps we notice that for Step I these frequencies are; 
wrong direction, going around (clockwise) and wrong 
plate 2. For Step II they are; inner door, wrong plate 
1, and omission of plate Ij for Step III, wrong 
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plates I and Z have Ihe same frequency, and next in 
rank is wrong plate 3. 

The distribution of the various types of errors for 
successive tenths of the learning process on each of the 
three steps was computed after the manner of Fjeld 
(8), Table 17. We have omitted our own tabular re¬ 
sults in this connection, since the analysis does not ap¬ 
pear to be very important. On Step I the following 
errors tended to increase in relative frequency as learn¬ 
ing progressed: omission of plates, wrong plate, wrong 
direction, inner door, running beyond, and miscellan¬ 
eous. On the other hand, all other types of errors 
show a relative decrease. On Step II the following 
errors showed a relative increase: omission of plate 1, 
wrong plate 2, wrong direction, and miscellaneous. A 
relative decrease occurred for wrong plate 1, irregular 
course, climbing, running to entrance door, and going 
around in both directions. The most striking tend¬ 
ency here exhibited was for the animal, on Step II,, 
to work repeatedly at plate 1, which had been success¬ 
ful in the previous step. As this tendency diminished 
plate 1 was often omitted entirely, the animal running 
directly to plate 2 on entering the apparatus, On Step 
III, the trends were the same .as those indicated by 
Fjeld for the rhesus monkey. 

The relative frequencies of the several types of er¬ 
rors are d<Dubtless closely related to the reaction tend¬ 
encies of the monkeys, The various trends in types of 
errors, running through the learning process, reflect 
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the mode of attack in solving the different problems. 
Our analysis of errors is based on too few cases, how¬ 
ever, to enable us to draw definite conclusions as to the 
nature of the reaction tendencies involved. 



IV 

ADVANCKD PROULEM 

As noted above in scctinii II, the advanced pioblem 
waa simply a contiiuiatitHi of pattern formation beyond 
the basic problem to the limit of each animal. The 
problem bepan with Step TV, and the limits of our 
animals ranged from Step V to Step XV inclusive. 
Each animal was advanced from step to step, after 
rcacliing the norm of mastery in each case, until it 
reached the level at which it (inally failed. The results 
will be presented in the hdlowing order; learning 
scores, and activity scores. 


Lkarning Scoittvs 

The individual learning scores of the six monkeys 
on the various steps of the advanced problem are pre¬ 
sented in Table 10, and the measures of central tend¬ 
ency and of variability in I'ablc II. The number of 
animals included decreases step by step as final failures 
occur. The scores for the step on which an animal 
finally failed could not, of course, be included. It is 
evident that the group data become less reliable as the 
problem becomes more complex. The medians are 
somewhat smaller than the averages and may be taken 
as a better measure of central tendency than the av¬ 
erages. Shicc the number of cases is small, and the 
spread of the scores wide, the range and the (]uartile 
deviation arc the most significant measures of varia¬ 
bility. 
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TABLE 10 

Results of Advanced Problem Showing Individual Learning 

Scores 

Trials, Errors, MiniUcSj 

Aninials Total failure Perfect total total 


Step IV 


378 

3 

105 

2609 

186.77 

56 

0 

6 

1B4 

12.03 

360 

54 

50 

4461 

337.65 

2S1 

106 

41 

2006 

386.18 

90 

0 

9 

506 

31.28 

151 

16 

3H 

Step V 

1532 

144.08 

17b 

1 

82 

413 

4B.30 

28 

0 

9 

44 

5.35 

22 

0 

S 

61 

5.BB 

138 

4 

36 

611 

54.03 

56 

0 

16 

160 

14,07 

66 

0 

27 

Step VI 

105 

14.60 

216 

0 

64 

845 

69.27 

150 

15 

23 

846 

83.60 

89 

1 

12 

291 

34.67 

Failed 

131 

0 

12 

571 

33.78 

114 

0 

51 

Step VII 

341 

45.0B 

Failed 

69 

1. 

Ifl 

238 

23.82 

104 

0 

37 

232 

30.15 

96 

0 

16 

227 

19.83 

214 

0 

41 

Step VIII 

1144 

95.28 

216 

35 

64 

1614 

153.55 

61 

0 

22 

131 

1B.85 

125 

0 

11 

307 

28.35 

372 

60 

43 

Step IX 

2345 

344.52 

50 

11 

12 

385 

42.70 

562 

7 

117 

2749 

231.47 

114 

Failed 

0 

24 

Step X 

252 

25.95 

• 

103 

7 

32 

384 

4B.45 

136 

0 

41 

310 

34.37 

176 

0 

50 

4B9 

42.63 
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TABLE. 10 (Confinned) 


Animab 

'iViitil 

Triith, 

failure! 

I’cifm 

Krran, 

inlal 

Mlnulci, 

lolal 



5iep XI 



n 

26 

0 


•f3 

U2 

C 

6$ 

0 

26 

122 

19.H0 

K 

392 

0 

12H 

915 

lOB.DD 



Sup Xll 



B 


i 

66 

470 

74.6B 

C 

SB 

a 

19 

162 

1B.15 

E 

Fftileil 







Sup xm 



n 

61 

u 

IS 

94 

18.93 

G 

i9 

0 

29 

W 

11.35 



Blep XIV 



B 

361 

12 

m 

90S 

L5S.47 

C 

73 

0 

IS 

ISB 

22,83 



Sup XV 



U 

Failed 





c 

j)9 

3 

IS 

605 

44.25 



Step XVI 



c 

Fulled 






The results definitely indicate that Step IV was very 
diflicult. This is shown by the large number of trials, 
errors, and minutes required to learn it. Several oi 
the other steps, however, appear to be quite diflicult 
for certain animals which finally came to learn them, 
It is hazardous to compare in difliculty the stages be¬ 
yond Step V since animals began to drop out at this 
point. It seems likely that Step IV is particularly dif¬ 
ficult because it involved the first reversal of direction 
in pattern formation. As indicated in Tables 10 and 
11, differences in individual performance were quite 
marked on all the steps of the advanced problem. The 
factors which make for differences here arc apparently 
the same as those already discussed in connection with 




TAELE 11 

Showing Measures of Central Tendency and Variability for Trials, Errors, and Minutes, 
IN THE Various Steps of the Advanced Problem* 
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Minutes 42.70 100.04 _ 25.95-231.47 _ 

•Since only one animal learned Step XV, the data for thai step are not included in this table. See Table ID for 
individual records. 
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the basic problem. The most important factor, per¬ 
haps, is genuine individual differences in learning 
ability. Such other factors as the degree of tameness, 
degree of playfulness, and age differences may have 
been somewhat effective. The monkeys were all quite 
tame by the time they were put upon the advanced 
problems. None of them were particularly playful in the 
apparatus except subject A, which tended to become 
more so from step to step. This animal did not ad¬ 
vance beyond Step VI, and the increasing tendency to 
play may have prevented him from advancing further. 
The age factor may be disregarded, since there is no 
evidence that the older (larger) monkeys learned any 
more effectively than the younger. 

The records show that a given animal was often not 
very consistent in learning score from step to step, A 
low score might be made on one step, a high score on 
the next step, a low score on the,.following step, etc. 
Such inconsistency may have been directly related to 
specific reaction tendencies of the animal, but no di¬ 
rect evidence on this point is available. It piay have 
been partly due, on the other hand, to differences in 
transfer effect from step to step. A high score on one 
step, for example, might involve an overlearning of 
the pattern up to this point which might, in turn, 
transfer to the next step and thus produce a low score. 
A low score on a given step might conceivably show 
less transfer to the next step. This principle of ex¬ 
planation cannot be generally applied, however, since 
there was by no means a perfect alternation of high 
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and low scores from step to step for the same animal. 

The results relating to limits of learning for the sev- 
cral animals have been summarized in Table 12. The 

TABLE 12 

Snowmo 'run Limits op Lbarninu por Each Monkhy 

AnlraM Sicp 

. 

n XIV 

c XV 

n V 

E xr 

F _ym_ 

range for the group was from step 5 to step IS inclu¬ 
sive. The median number of steps learned was 9.S 
and the average was 9.8. It may be remarked that 
there was little or no relationship between speed of 
learning a given step and the limit of learning finally 
reached. It appears, therefore, that the score number 
of trials to learn a step and the limits score arc meas¬ 
ures of different behavioral functions. As suggested 
by Fjeld (8), the two kinds of score are roughly anal¬ 
ogous to speed and power measures in human testing. 
This interpretation seems to be favored by the work 
of 'Riess (18) on rats and guinea-pigs. He found that 
guinea-pigs were unable to master Step II, while rats 
succeeded in doing so. However, the guinea-pigs 
learned Step I with fewer trials than did the rats. 
Moreover,^this view is in harmony with the generally 
accepted principle that complc.\ tasks are more effec¬ 
tive than simple tasks in bringing out irulividual dif¬ 
ferences in learning capacity. 
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No evidence appeared that, after a number of steps 
had been mastered, the subjects were able to develop 
a generalized habit of adding another plate to the pat¬ 
tern. If this had occurred at any point it would have 
meant very low scores on all the later steps. The low¬ 
est score, made by subject^, was eight trials in passing 
from Step I to Step II. As shown in Tables 1 and 10 
this animal made many high scores in connection with 
the learning of later steps. The same is true of subject 
C after having learned Step V. There is thus little or 
no evidence that "insight” or "rational” factors played 
a part in the mastery of either the basic or advanced 
problem. 

Activity Scores 

The same kinds of activity scores were secured on the 
advanced problem as on the basic problem. Scores ob¬ 
tained directly from the original data include number 
of plates depressed and the number of quadrants tra¬ 
versed. These values will be found in the second and 
third columns of Table 13. The measures of varia¬ 
bility have not been included since the group, small to 
begin with, was still further reduced from step to 
step. It is obvious that such measures can have no sig¬ 
nificance when the group includes only two or three 
animals. As a matter of fact the individual scores and 
averages for plates depressed and quadrant traversed 
appear to show no significant trends from step to step. 
The computed scores (quadrants per plate, plates 
per minute, quadrants per minute) are given in the 
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TAllLE a 

Rdsults ok Advanckd pRmiLHM SiiowiNO Indjvidual Activity 
Scores and Miiasures of Ckntral Tiinddncy for Number of 
Plates Diii'KiiSSLo, Numheh of Quadrants Travcrscd, 
NuMtiHR OF Quadrants imir Platu, NuMiiim of Plates 
DH i'RnssiiD fi:r Minutm, and Numiifr of Quadrants 
PKR Minutk 


T’liiien Ouailrani!^ (liOicIraiiM (Imatlrnnia 

Afiimnls ilcpiriiifrJ Iravcrnrtl iirr|i|air per ininuic |icr rnitiuic 


A 

122C 

Slep 

3sni 

D 

307 

356 

c: 

dOSO 

5667 

D 

I8j9 

3896 

K 

537 

305 

F 

1129 

1837 

Median 

UHm 

2H 19.00 

Average 

(909.67 

2727.00 

A 

1130 

Slep 

1238 

B 

159 

160 

C 

154 

182 

1) 

1011 

1207 

E 

27\ 

423 

F 

no 

396 

Median 

375.SO 

409.50 

Average 

534.17 

601.00 

A 

1302 

Slep 

1905 

U 

1160 

2036 

c 

731 

800 

D 

Failed 


E 

1057 

1122 

P 

109B 

1175 

Median 

1093.00 

1175.00 

Average 

1169.60 

1107.60 

A 

Fnilcd 

Step 

H 

614 

695 

C 

906 

987 

E 

774 

822 

R 

2164 

2477 

Median 

-■840.00 

90L50 

AverngQ 

1114.50 

1215.25 

D 

1346 

Step 

5152 

C 

560 


E 

1139 

1204 

F 

3739 

53H'I 

Median 

1492.50 

3294.00 

AvcrnRc 

1821.00 

3156.50 


IV 


MB 

17.27 

20.3 S 

1.16 

25-52 

29.59 

K40 

11.99 

lt.7H 

2.1fl 

4.81 

10.09 

M7 

18.77 

25.74 

L29 

9.92 

12.75 

1.13 

14.63 

I!l.57 

1.42 

H.7I 

19.22 

V 

l.iri 

23.40 

25.63 

1.01 

29,72 

29.91 

MU 

26.19 

30,95 

1.19 

18,71 

22.34 

1.14 

26.37 

30.06 

l.(N 

26,03 

27.12 

1.12 

26.11 

28.52 

1.11 

25.07 

27.67 

VI 

1.06 

26.01 

27.S0 

(.76 

I3.NH 

24.35 

1.07 

21,OH 

33.07 

1.06 

31,20 

33.21 

1.07 

24.36 

26.06 

1.07 

2-1.36 

26,06 

1.21 

23,32 

26.84 

vn 

M3 

25,7H 

Z9.1B 

1.09 

10.05 

32.74 

1.06 

19.03 

41.45 

1.14 

Z2.71 

26,00 

1.11 

27.92 

30.96 

1.11 

29.39 

32.34 

VITI 

2.95 

12.02 

35.51 

l.dS 

29,71 

31,(19 

1.06 

-lO.iH 

42.47 

1.44 

10.H5 

15.C3 

1.25 

20.H7 

33,30 

1.63 

23.19 

31.18 
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TABLE 13 {Continued) 


Animals 

Plates 

depressed 

Qiiatlranta 

traversed 

Quadrants 
per plate 

Plates 
per minute 

Quadrants 
per minute 



Step IX 



B 

37B 

1511 

4.00 

0.85 

35.39 

C 

6946 

8076 

1.16 

30.01 

34,99 

E 

1159 

1246 

1.06 

44.66 

48.02 

F 

Failed 





Median 

1159.00 

1511.00 

1.16 

30.01 

35.39 

Average 

2827-67 

3611.00 

2.09 

27.84 

39.43 



Step X 



B 

1062 

1714 

1.61 

21.92 

35.39 

C 

1504- 

1543 

1.03 

43.76 

44.99 

E 

2046 

2143 

1.05 

47.99 

50,27 

Median 

15(H.OO 

1714.00 

1,05 

43.76 

44.89 

Average 

1537.33 

1900.00 

1,23 

37.89 

43.51 



Step XI 



B 

301 

309 

1.02 

34.92 

3 5.73 

C 

779 

796 

1.02 

39.29 

40.20 

E 

4992 

5143 

1.05 

45.30 

47.62 

Median 

778.00 

796.00 

1.02 

39,29 

40,20 

Average 

1990.33 

2082.33 

1.03 

39.94 

41.18 



Step XII 



B 

2216 

2045 

1.2B 

29.67 

38.10 

C 

791 

816 

1.03 

43.58 

44.96 

E 

Failed 





Median 

1S03.S0 

1830.50 

1.16 

36.63 

41.53 

Average 

1503.50 

1830.50 

1,16 

36.63 

41.53 



Step XIII 



B 

B12 

025 

1.02 

42.B9 

43,58 

C 

1440 

1561 

1.09 

45.93 

49.79 

Median 

1126.00 

1193.00 

1.05 

44.41 

46.69 

Average 

1126,00 

1193.00 

1,05 

44.41 

46.69 



Step XIV 



B 

5237 

6624 

1.25 

33.69 

42,61 

C 

1118 

1146 

1.03 

49.97 

50.20 

Median 

3177.50 

3^95.00 

1.15 

41.33 

46,41 

Average 

3177.50 

3895.00 

1.15 

41.33 

46.41 

B 

Failed 







Step XV 



C 

1826 

2205 

1,21 

41.27 

49.83 



Step XVI 



C 

Failed 






last three columns of Table 13. In general, these com¬ 
puted scores seem to indicate degree of adjustment of 
the animal to the situation. As will be seen the av- 
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erages for these several scores show no consistciu trends 
from step to step. This might be taken to mean that 
each step presented to the animal a relatively novel 
situation. It may be pointed out, moreover, that these 
several types of scores vary greatly from animal to 
animal on the same step, rurthermore, an animal 
might be above the average in activity on one step and 
below the average of the group on another step. It 
seems quite impossible, on the basis of the present data, 
to relate these various types of activity to the learning 
scores. 

An analysis of the errors into various types is sum¬ 
marized ill Table 14. In general, the errors here arc in 
the same order as those noted under the basic problem, 
In addition to these, the error of hesitating on one or 
another of the plates waB checked. This type of error 
became more and more important as the length of the 
series was increased. This was due in part to the grow¬ 
ing tendency of the animal to stop on the final plate of 
a series every time it was touched in running off a pat¬ 
tern. For example, on Step VIII which ended with 
plate 2 hesitation might occur on each of the four times 
that this plate was depressed. The monkeys often 
showed a tendency, also, to hesitate on the final plate 
for the preceding step. Both types of hesitation are 
combined in one score in the table. A glance at Table 
14 will show that the two dominant types of errors 
throughout the advanced problem were (a) reactions 
to wrong plates and {b) hesitation on plates. In a few 
Instances going around clockwise and omissions of 
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Types of Ersors, Shotwng the Distribution of Each on the Sevebae Steps of the Advanced Problem 


LIMITS OF learning ABILITY IN CEDUS MONKEYS 


213 


OsOtriOo fiTOO 
WOvn 

« vi- ■ 


o o S o 

a ^ a\ ci; R 


rs|<^ooxm^t>,.DG ^ 
Ri-I «-i «-4 ^ ‘ i-H CC| 


BQ o o 
o rn o o 
VO Rrl O 


mD\voovo rooc^ 

fc^: ' CO • ^ 


SOPOOV^HO vJ'Ovn 
Cx^OWYCTJO 
^ va cC 


O O V#- o 

o o in O 


BQOOyf] 

f-J o * vd ■ ’ ^ 


pooco^^co t-,Bor^ 

* pi evi ■ cn bC 


O N K. 

43S O 

a> PJ 


OMp|b»'TH GO^n 
»nPj\ot>jc^ Dxoscn 
bi * * «n 


□Q^bs'^Plco^ntaD 

d ri ■ d ■ T-i ri 


Qo Re o^ On CO I 
ro vri CO oq csj • 
' RnJ PNS »o ’ pJ . 


tag ta^rf«-icartrt n gj-g S r- 

SKSES «.5§ fl' 


Total 100.00 100.00 100.00 100.00 lOO-OD 100.00 100.00 100,00 



214 


>MK)I.I'I1 MtVKR KOCH 


plates I or 2 take first or second place. It would 
seem, therefore, that the crux of the advanced problem 
was the selection of the proper ending plate and the 
elimination of the tendency to hesitate on plates, l.e., 
reaching certainty as to where and when to stop. The 
numerous other aspects of the problem, as reflected in 
the different types of error, appeared to offer relatively 
little difliculty. 

Something can be said regarding the manner in 
which patterns were developed by the animals. Data 
on this point were secured in connection with correct¬ 
ed trials, i.e., those in which the pattern was broken 
at some stage before completion by the intrusion of er¬ 
rors of one sort or another. For example, on Step V 
the animal might depress plates 1, 2, .3 in order and 
then run around the incentive compartment before re¬ 
versing and stepping on plates 2 and I. These breaks 
might occur, in individual eases, at any point in the pat¬ 
tern. An analysis of our records showed the same three 
stages of pattern formation previously noted by Fjeld. 
These stages, which appeared on each step of the ad¬ 
vanced problem, may be summarized as follows: (1) 
a stereotyped repetition of the pattern of the preceding 
step marked by hesitation on the final plate, (2) a 
break-down of this older pattern into units of one or 
a few plates, (3) a reorganization of these units into 
the larger n^attern which included the additional plate 
for the new step. This analysis would seem to offer 
additional evidence against the presence of ‘'insight” 
in the solution of the advanced problem. 
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An interesting relationship between the development 
of the patterns and final failures seemed to exist. Fail¬ 
ures on all of the higher steps can be grouped into two 
classes: those in which the subjects made progress in 
learning and were nearly always successful in obtain¬ 
ing the food, but never succeeded in reaching the re¬ 
quired norm of mastery, as in the cases of A, G, E, and 
F; and those in which they first made progress in learn¬ 
ing and then failed through disintegration of the habit 
to the point where they consistently made failure trials, 
as in the cases of B and D. 

Those monkeys which came under the first class of 
failures, without exception, did not progress in the 
step which they failed to master beyond the second 
stage in pattern development. ■ The animals falling 
under the second classification showed some evidence 
of developing both the second and third stages of the 
pattern, but progress was retarded by the appearance 
of such antagonistic patterns as starting in the wrong 
direction and running around the cage without step¬ 
ping on the plates, Finally, this behavior gave way to 
the making of failure trials and a subsequent disin¬ 
tegration of the behavior to inactivity. 



V 

GENERAL COMPARISONS 

As noted in tlic Introduction, (his study is a. part of 
fl larger project on the limits of learning in mammals 
which has been under way for some years in the Co¬ 
lumbia laboratory. Up to the present, this project in¬ 
cludes the work of Shucy (19) on kittens, that of Riess 
(18) on white rats and guinea-pigs, and that of Fjeld 
(8) on d'csus monkeys. In the present section it will 
be desirable to compare our results with those obtained 
earlier by means of the same method. In addition to 
these comparisons, a more detailed analysis of the data 
at hand on cebus and rhesus monkeys will be made. 

COMPAIIISON OP MAMMAU 

The limits reached, as indicated by the number of 
steps learned, by the several species of mammals are 
given in Table 15. The number of animals of the var- 

TARLE 15 



Ilartge 

Median 

Average 

(fuinca-pigs 

0- I 

1.0 

0.5 

Rais 

0- 2 

1.0 

0.9 

ICUleHH 

3- 7 

3.C 

3.6 

Kheniv monkeyH 

2-22 

5.0 

7A 

CebuA monbcyn 

s rs 

9.5 

9,0 


ious groups, expressed in percentages, which learned 
the several steps is shown in Table 16, The size of the 
groups, in absolute terms, on the three steps of the basic 
problem js indicated in Table 17, 
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TABLE 16 


CoMPAwsoN OP Two Types of Monkeys, Kittens, Rats, and 
Guinea-Pigs Showing Percentage op Subjects Which 
Learned the Various Steps 



Cebua 

Khcaus 

Guinea- 

Steps learned 

monkeys 

monkeys 

Kittens Rata pigs 

I 

100,0 

100.0 

100.0 6B.6 53.3 

II 

100.0 

100.0 

100.0 22.9 

III 

100,0 

92.9 

100,0 

IV 

100,0 

64.3 

20.0» 

V 

100.0 

50.0 

20.0 

VI 

B3.3 

50.0 

10.0 

VII 

66.7 

42.9 

10.0 

VIII 

667 

42.9 


IX 

50,0 

15,7 


X 

50.0 

2B.6 


XI 

50,0 

29.6 


XII 

33,3 

29.6 


XIII 

33,3 • 

14.3 


XIV 

33.3 

7.1 


XV 

16.7 

7.1 


XVI 


7.1 


XVII 


7.1 


XVIII 


7.1 


xrx 


7.1 


XX 


7.1 


XI 


7.1 


XXII 


7.1 


XXIII 




♦This ia. the 

rcHult for 

Step V wliich correanonda to Step IV for the 

monkeys. 




As will be seen from Tables 15 and 16, marked dif- 

ferences in 

ability 

to form complex patterns of be- 

havior were exhibited by the 

various animals invest!- 

gated. The rodents rank lowest in this capacity, the 

white rats 

making 

a better showing than the guinea 


pigs. Approximately 23 per cent of the rats*were able 


to learn Step II, while all of the guinea-pigs failed on 
this step. The kittens proved to be markedly superior 
to either of the rodents. However, only 10 per cent of 
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the kittens did as well as 83.3 per cent of the cebus 
monkeys and 30 per cent of the rhesus monkeys. Fur¬ 
thermore, 66.7 per cent of the cebus monkeys, and 42.9 
per cent of the rhesus monkeys went beyond Step VII, 
which corresponds to the upper limit of the kittens. In 
interpreting these comparisons, it should be borne in 
mind that the several species of mammals tested were 
of approximately the same relative age. In every case 
young animals were employed, and a serious attempt 
was made to select them with reference to the same 
point on their respective growth curves. 

It may be noted that Step I proved to be difficult 
for the kittens and for both types of monkeys. The 
same is true also of Step IV which involved the first 
reversal of direction, The relative difficulty of the 
steps beyond this point follows no definite order for 
either the kittens or the two types of monkeys. More¬ 
over, there is no consistent relationship between the 
learning scores on the several steps and the limits final¬ 
ly reached by the individual animal. Furthermore, the 
species showing the highest limit score often required 
more effort (trials, time) to learn the easier steps than 
did the species making a lower limit score. For ex¬ 
ample, the white rats made a higher learning score on 
Step I than did the guinea-pigs. In general, the learn¬ 
ing scores for the monkeys are much higher than those 
of the kittens. These facts appear to support the view 
that the scores on the several steps are measures of one 
thing and the limit scores of another. The latter would 
seem to be an index of the general level of learning 
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capacity in the individual and the species. This con¬ 
clusion would be more certain if corresponding dif¬ 
ferences were found among these several species on 
other types of tasks. Perhaps it should be pointed out 
that the results secured by this method are roughly, at 
least, in harmony with the opinion of competent animal 
workers as to the relative intelligence of the species 
compared. 

Comparison op Ceuus and Rhesus Monkeys 

The main interest in the present problem was to se¬ 
cure data on the cebus monkey that would be strictly 
comparable to that of Fjeld (8) on the rhesus monkey. 
In order to make such a comparison possible the test¬ 
ing of both types was standardized in the following 
particulars: {a) the animals were kept in the same lab¬ 
oratory, given the same care, and tamed in the same 
manner; (b) the tests were conducted in the same dark 
room, using Identical apparatus and technique; (c) 
the apparatus itself was one that had been proved to be 
of value in the determination of levels of learning abil¬ 
ity in different animals; and (</) the kinds of scores 
taken and the methods of computing them were the 
same in both studies. Our experiment was thus so 
planned as to bring out differences in level of learning 
capacity between the cebus and the rhesus monkey, if 
such were,present. 

When the results arc taken at their face value it is 
by no means easy to say which type of monkey, if either, 
is the superior. As indicated in Table 16, the best 
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rhesus monkey stands considerably higher than the best 
cebus monkey. On the other hand the worst rhesus 
monkey stands considerably lower than the lowest 
cebus monkey. In brief, the range for the cebus group 
lies wholly within that of the rhesus group. The med¬ 
ian number of steps learned by the cebus monkey was 
9.5 and the average was 9.8. The corresponding 
values for the rhesus group were 5.0 and 7.4. On the 
average, then, the cebus monkey did considerably bet¬ 
ter than the rhesus monkey. 

The latter group included seven males and seven 
females. According to Fjeld, the rhesus males proved 
to be superior to the females in terms of limit scores. 
In fact, only 14.29 per cent of the females reached or 
exceeded the median of the males. It would be fairer, 
perhaps, to compare the scores of our six male cebus 
monkeys with those of her seven male rhesus monkeys. 
The medians for the two groups are almost the same, 
being 9.5 for the cebus group and 9.0 for the rhesus 
males. The averages are almost identical, 9.8 being 
the value for the cebus group and 9.6 for the rhesus 
group. The range of the cebus group is 5 to 15 steps, 
while that of the rhesus males is 3 to 22 steps. The 
range of the latter group would be 3 to 12, however, if 
the record of the best animal in the group was omitted. 
This animal represents an extreme variation, since it 
went 10 steps beyond any other male and 11 steps be¬ 
yond any female of the rhesus group. An extreme case 
of this sort would be more likely to appear in a group 
of 14 monkeys than in a group of six monkeys. Per- 
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haps, the range for the male rhesus group is more rep- 
rcsentaiive with this extreme case omitted than with 
it indutlctl. 

In view of these facts, the most logical interpretation 
would seem to be that no clear difrcrence had been 
shown to exist between the two types of monkeys in 
terms of limits of learning, This is not to deny that 
a genuine difference may be present, but merely to In¬ 
sist that the (lata at hand do not demonstrate such. If 
the number of animals were increased by additional 
work on both types, a real difference in the level of 
learning capacity might be found. It may be true, for 
example, that the rhesus monkeys arc less homogen¬ 
eous in this and rcl.nted functions than the cchus. This 
would mean a wider spread of limit scores, anti the 
range might well include the range of cebiis monkeys. 
On the other hand, an extreme case like that found in 
the rhesus group might make its appearance among the 
cebus monkeys, if more individuals were tested. The 
fact that the lower limit of tlic range for the cebus 
group was two steps higher than that for the rhesus 
group seems to indicate that the simpler stages of the 
problem are somewhat easier for the cebus monkeys, 
This conclusion is corroborated by the fact that the av- 
erngc number of trials to learn on each of the first five 
steps was approximately twice as great for the rhesus 
as for thc^ccbus monkey. Hcyoiul Step V the differ¬ 
ences arc not very great and the averages from step to 
step do not consistcjitly favor cither group. 

It is obvious that the groups are so small that a sta- 
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tistical treatment of reliability is hardly justified. Nev¬ 
ertheless, it may be of some value to give the results of 
such an analysis for what they may be worth. The re¬ 
liability of the differences between the averages in 
limit scores for the several groups is shown in Table 
18. As will be seen, there is only one chance in 100 


TABLE 18 

Showing Reliadility op the Difperencb in the Average 
Limit Score for the Various Groups 


Groups 

Standard 
deviation 
of the 
differ¬ 
ence 

The 

differ¬ 

ence 

Diff./S.D. 
of differ¬ 
ence 

Chances 
in 100 of 
a true 
differ¬ 
ence 

Rhesus M. and F. group 
with rheaua males 

8.24- 

22 

.27 

10 

Rhcaua M. and F, group 
with cebus males 

6.€6 

?<+ 

0.2 

26 

1+ 

Rhesus males with 
cebus males 

7,23 

.03 

1 


that a very slight difference between the rhesus males 
and the cebus males is a true difference. Since the 
reliability of the difference is so extremely low, these 
two groups of males might well be combined into a 
single group of 13 males. That is, they may be regard¬ 
ed as if they belonged to the same species, insofar as 
the limit score is concerned. As indicated in the table 
there are only 14 chances in 100 that the difference be¬ 
tween the rhesus group (males and females) and the 
cebus group is a true difference. It woulj^ appear, 
therefore, that the species distinction may also be ig¬ 
nored when the male and female rhesus are taken to¬ 
gether. As a matter of fact the measures of reliability 
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haps, the range for the male rhesus group is more rep¬ 
resentative with this extreme case omitted than with 
it included. 

In view of these facts, the most logical interpretation 
would seem to be that no clear difference had been 
shown to exist between the two types of monkeys in 
terms of limits of learning. This is not to deny that 
a genuine difference may be present, but merely to in- 
sist that the data at hand do not demonstrate such. If 
the number of animals were increased by additional 
work on both types, a real difference in the level of 
learning capacity might be found. It may be true, for 
example, that the rhesus monkeys are less homogen¬ 
eous in this and related functions than the cebus. This 
would mean a wider spread of limit scores, and the 
range might well include the range of cebus monkeys. 
On the other hand, an extreme case like that found in 
the rhesus group might make its appearance among the 
cebus monkeys, if more individuals were tested. The 
fact that the lower limit of the range for the cebus 
group was two steps higher than that for the rhesus 
group seems to indicate that the simpler stages of the 
problem are somewhat easier for the cebus monkeys. 
This conclusion is corroborated by the fact that the av¬ 
erage number of trials to learn on each of the first five 
steps was approximately twice as great for the rhesus 
as for the,;,cebus monkey, Beyond Step V the differ¬ 
ences are not very great and the averages from step to 
step do not consistently favor either group. 

It is obvious that the groups are so small that a sta- 
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tistical treatment of reliability is hardly justified. Nev¬ 
ertheless, it may be of some value to give the results of 
such an analysis for what they may be worth. The re¬ 
liability of the differences betAVeen the averages in 
limit scores for the several groups is shown in Table 
18. As will be seen, there is only one chance in 100 


TABLE 18 

Showing Reliability op the Difference in the Average 
Limit Score for the Various Groups 


Groups 

Standard 
deviation 
of the 
differ¬ 
ence 

The 

differ- 

cnce 

DifF./S.D. 
of differ¬ 
ence 

Chancca 
in 100 of 

D true 
differ¬ 
ence 

Khesus M. and F. group 

with rlieaiis males 

8.24 

2.2 

.27 

10 

Rhesus M. and F, group 

with cebus males 

6,66 

2A 

.36 

14- 

Rhesus males wJ^h 
cebus males 

7.23 

0,2 

.03 

1 


that a very slight difference between the rhesus males 
and the cebus males is a true difference, Since the 
reliability of the difference is so extremely low, these 
two groups of males might well be combined into a 
single group of 13 males. That is, they may be regard¬ 
ed as if they belonged to the same species, insofar as 
the limit score is concerned, As indicated in the table 
there are only 14 chances in 100 that the difference be¬ 
tween the rhesus group (males and females) and the 
cebus group is a true difference. It wouI_^ appear, 
therefore, that the species distinction may vilso be ig¬ 
nored when the male and female rhesus are taJtcn to¬ 
gether, As a matter of fact the measures of reliability 
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are about the same between the total rhesus group and 
the cebus males as between the total rhesus group and 
the rhesus males. It is evident, therefore, that in so far 
as such statistical treatment has any meaning for such 
small groups, the data show that there is no reliable 
difference between the limit scores of the cebus and the 
rhesus monkey, In fact, our six cebus monkeys and 
the 14 rhesus monkeys of Fjeld might well be thrown 
together into a single group. It is interesting to note, 
that when this is done gaps in the distribution curve 
of the steps are filled in at various points. 

After observing a number of rhesus monkeys work 
at the task, and after testing the cebus monkeys, it ap¬ 
peared to the experimenter that there were fairly defi¬ 
nite differences in mode of attack, Apparently the re¬ 
actions of the cebus were less nervous and somewhat 
more deliberate in approaching the plates. They seemed 
to be more docile in temperament and, as has been 
shown, they learned each of the first five steps in ap¬ 
proximately half the number of trials taken by the rhe¬ 
sus monkey, 

In spite of these observations, very few differences 
between the two types are revealed by the activity scores 
when these are computed on a per trial basis. The ac¬ 
tivity scores for the cebus monkeys are given in Tables 
6 and 13, and those for the rhesus monkeys in Tables 
10, 24, and 26 of Fjeld’s monograph (8), The ratio of 
plates depressed and quadrants traversed, while not al¬ 
together consistent, is roughly the same for botJi types. 
Since quadrants-traversed is an index of general activ- 
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ity, it appear that the cebus monkeys showed as much 
exploratory behavior in the apparatus as did the rhesus 
monkeys. The quadrant per plate ratio was practically 
the same for both types throughout. The number of 
plates touched per minute was much greater for the 
cebus monkeys on the first two steps of the basic prob¬ 
lem, but the difference between the two groups was 
slight thereafter. The same relationship held also for 
the quadrant per minute score. These two trends in¬ 
dicate that the cebus monkeys moved about the ap¬ 
paratus at a faster rate and depressed more plates per 
minute on the first two steps. On the whole, however, 
it would seem that the two types of monkeys were re¬ 
markably similar in the forms of behavior represented 
by the various kinds of activity scores. 

An analysis of the types of errors for the cebus will 
be found in Tables 9 and 13, and for the rhesus in 
Tables 16 and 28 of Fjeld’s monograph (8). The values 
of these tables are the percentages of the several types of 
errors when the total error score for the group is taken 
as 100 per cent. They represent, therefore, the rela¬ 
tive frequency of the several types of errors in the 
learning process as a whole. As previously noted, there 
were three types of errors made in connection with the 
plates: omissions, wrong plates, and hesitation on 
plates. An analysis of the results shows that the cebus 
monkeys omitted plates much less often than^the rhesus 
monkeys. On the other hand, they made many more 
wrong-plate errors. Hesitation on plates, which was 
checked only on the advanced problem, occurred much 
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less frequently in the case of the cebus monkeys. It 
seems, therefore, that the cebus monkeys developed a 
more definite reaction to plates than the rhesus mon¬ 
keys. This is indicated both by the low omission score 
and by the high wrong-plate score. This definite re¬ 
action to plates, as well as the less hesitation on plates, 
may be explained in part by the more calm and delib¬ 
erate activity of the cebus monkeys in the apparatus. 

Of the remaining types of errors, only a few seem 
to reveal significant differences between the cebus and 
rhesus monkeys. The activity of zigzagging about in 
the apparatus (irregular course) shows a percentage 
only one-fourth as high for the cebus as for the rhesus. 
Climbing about the cage also occurred much less fre¬ 
quently in the cebus monkeys. The same is true, as 
well, of the reaction of sitting at the entrance door. 
These differences in manner of working are probably 
related to differences in the characteristic tempera¬ 
ments of the two species. On the whole it would seem 
that the nervous temperament of the rhesus led to the 
types of errors associated with exploring the apparatus. 
On the other hand, the more deliberate attitude of the 
cebus manifested itself in fewer errors of this kind, with 
a relative increase of wrong-plate errors. These differ¬ 
ences in manner of working at the problem, while in¬ 
teresting in themselves, did not seem to influence great¬ 
ly the lim.it score, This may be explained, in part at 
least, by the fact that both species exhibited the same 
general method of pattern formation in the advanced 
problem. This development as already noted led 
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through the three following stages in connection with 
each step: (1) repetition of the old pattern, (2) the 
breaking down of this pattern, and (3) the integration 
of the new and more complex pattern. It seems likely 
that the mode of attack was so dominated by this gen¬ 
eral process of pattern formation that the relative fre¬ 
quency of specific types of errors became a matter of 
small importance, 

The comparisons here made offer no support to the 
opinion that the cebus monkey is less intelligent than 
the rhesus. In fact the results obtained, insofar as they 
go, may be regarded as so much evidence in favor of 
the view that the level of monkey intelligence is es¬ 
sentially the same in the New World and Old World 
groups. A definite conclusion to this effect cannot be 
drawn, however, because only one species from each 
of the CebidiE (New World) and Cercopithecidie 
(Old World) groups has been tested. There are eight 
other known varieties of the CebidiE and five other 
varieties of the Cercopithecids. It seems likely that 
the cebus and the rhesus may be taken as fairly repre¬ 
sentative of the higher types of monkeys in their re¬ 
spective families. In any case a beginning has been 
made toward the direct comparison of the New World 
and the Old World monkeys as to general level of in¬ 
telligence. It is recognized, of course, that the ap¬ 
paratus and method here employed do not yffeld a com¬ 
plex index of intelligence in any animal. The com¬ 
parative results secured on other kinds of problems 
would need to be taken into account in forming a final 
conclusion, even if the latter should be restricted to 
cebus and rhesus monkeys. 



VI 

SUMMARY 

Six young cebus males were tested on the Jenlcins 
Problem Apparatus, which provides a series of tasks 
of increasing complexity. Each animal was transferred 
from one step to the next, as soon as it reached the norm 
of nine perfect trials out of ten, until it finally failed 
to learn a given step within 1000 trials. The last step 
mastered was taken as the limit of learning for the 
animal. The limit scores, the learning scores (trials, 
errors, minutes) for each step, and a number of activ¬ 
ity scores were computed for the group, and compared 
with similar data secured by Fjeld (8) on rhesus mon¬ 
keys, The following conclusions may be drawn from 
these results; 

1. The limits of learning for the six male cebus 
monkeys range from 5 to 15 steps, with a median of 
9.5 and an average of 9.8. The limits of learning for 
seven male rhesus monkeys, as given by Fjeld, range 
from 3 to 22 steps, with a median of 9.0 and an aver¬ 
age of 9.6; the corresponding values for her combined 
group (7 males and 7 females) are 2 to 22, 5.0, and 
7.43. A comparison of these data led to the tentative 
conclusion that there is no significant difference be¬ 
tween cebus and rhesus monkeys in the level of capac¬ 
ity to form habit patterns of this type. The monkeys 
are markedly superior, however, to such mammals as 
the kittens (Shuey; range, 3 to 7; average, 3.6), the 
white rat (Riess; range, 0 to 2; average, 0.9), and 
guinea-pigs (Ricss; range, 0 to 1; average, 0.5). 

[ 228 ] 
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2- Minor differences in the behavior of the cebus 
and rhesus monkey were revealed by an analysis of the 
various kinds of activity scores and the several types of 
errors recorded. These differences appear to be due, 
in the main, to temperamental factors which distin¬ 
guish the two species. The general method of pattern 
formation, as the problem becomes complicated, is the 
same for both species. This process involves the fol¬ 
lowing stages'. (1) repetition of the old pattern, (2) 
the breaking down of this pattern, and (3) the inte¬ 
gration of the new and more complex pattern. No evi¬ 
dence was found for the development of a generalized 
solution to the problem such as that involving “the 
addition of another plate” from stage to stage. 

3. In general, the average number of trials re¬ 
quired to learn was much less for the cebus than for 
the rhesus monkey, the ratio on the first five steps being 
approximately one to two. In spite of this fact, the 
average limits for the two species were roughly the 
same, as indicated above; As in the work of Fjeld, 
Shuey, and Riess, no significant relationship was found 
between number of trials required to learn the several 
steps and the final limit score of the individual. The 
former appears to measure speed of learning while the 
latter indicates general level of learning ability. 

4. Individual differences were marked both in 
learning scores and in activity scores for a^iven step. 
The performance of the individual, in terms of these 
indices, also varied greatly from Step to step. Neither 
the individual scores nor the group scores show a con¬ 
sistent tendency to decrease from step to step. 
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5, The various steps of the problem presented in 
this apparatus were found not to progress by equal dif¬ 
ferences in difficulty. Step IV proved to be especially 
difficult for most of the monkeys, probably because it 
involved the first reversal of direction in pattern for¬ 
mation. No single step was found to be consistently 
easy or difficult for all of the animals. 
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LES LIMITES DE la CAPACITY D'APPRENDRE CHEZ LES SINGES 

C6BUS 

On a teste six jeuncs cebus males siir I’Appareil de ProbJ^jiifia de JenkinS; 
i\m faurnit line s^rie de tnchcs d'liiie complexity croissnntc, pour determiner 
ieuta limites d’appreritisaage. Lc probldmc sc compose de d^prlmcr unc pinquc 
ou plus dans le planclicr du hoite ^ problcmea. On a commence par une 
aeule plaque et a augment^ pen i peu la complcKity de lo r6ponsc cn ajoiltant 
des plaques, unc chaque foi^, jii^qu'^ ce que I'on ait ^tcndiJ Ja aerie hors dc 
la capacitA d^apprendre de I'anJinaJ. Awssitot qu'uii animal eut atteint le 
crltere de neuf qpreuves patfaites aiir dix, on Pa avancA i la proebaine 
Atape, c'est-^i-dire, on a ajoutA encore une plaque a la sArie. On I'a fait 
aubif aux animaux pendant la premiArc portie de I'aprcs-midi, ct on ieur 
a fait subir dix Apreiives par jour en sAries dc cinq. Le stimulant employd 
a Ate un petit raisin ^ec ct un morccau dc pomme cgalcmcnt petit, On a limitd 
la diiree de cheque Apreuve ^ trois minutes. Quand un animal n'a pns 
reussi A atteindre Ja nonne de maltrisc (neuf Aprciircs parfnites sur drx) 
sur une Atape donnAe en 1000 Apreiiyea, on a cesae I'cntrainement. On a 
deviaA Inexperience, pour la rendre plus conunodej en deux parties: {a) le 
probleme fondamental et (Zr) le problemc avanec. La tUclie siu le problAme 
fondamental conaisteit cn troia Atnpes. Dans l‘Etape I, les singes ont AtA 
entrnmes d toucher In plaque 1; dans I’Etape 1I| les plaques 1 et 2 en 
ordre, ct dans I'Etape III, lea plaques 1, 2 et 3 en ordre. Dans le probUme 
avancA, qui n'a Ate qii^une continuatian de In forrne hors de la forme de 
Ja forme de trois AUpcs, on a employA Je choc cowme suggestion dans 
lapprentlsaage dea diverses dtapes. Le problAme avnncA a nAceasitA un 
renversement de la direction dc la part de I'animal, sur Ica etapea 4, 6, 
Bj 10, 12, et 14. On a diviae les donndea obtenucs cn deux classes, pour lea 
rendre plus commodes, lea donnAcs de I'apprentisaage (Apreuves, erreura, et 
rAsiiltats de temps) et les donnAes de I'activitA (plaques cleprimAcs, quadrants 
traversAs, rombre de quadrants pour chaque plaque, noinbrc de plaques 
puui* chaque minute, nombre de quadrants pour chaque minute et d'autres 
donnees de I'activilA). Les limites, en termes d'Atapea, atteintes par chaque 
animal sont les auivantes: V, VI, VIII, XI, XIV, XV. La portce des Atapea 
est de 5 A 15, avec une moyenne de 9',B. L^intAret principal du problAme 
actucl a AtA d'obtenir dcs donnAca sur le singe cAbua deaqucllea seraient 
abBolumcnt comparables h. cellea de Fjcld (B) sur le singe rliAaus, Une 
comparaison de cea donnAes a mcne A la conc]ii.slon provisoife qu'il n'y a 
aucune dilfArence aignifiantc entre leg singes rliAsua et cAluis dnna le niveau 
de capacite de former des formes d'habitude de cc type. Les singes sont 
cependant trea auperieurs h tels mammifAres que les chntons, les rats blancs 
et les cochons d'Inde. Les diffArencea qui semblent distinguer lea ainges 
cAbus des rhAsua sont dues, parait-il, principalement aux facteiira de tem- 
pArament qui distinguent les deux cspAces, La methode genArale de la 
formation clcs habitudes, comme le pioblAmc devient plug ^mpliquA, est In 
mcme pour les deux especes. Ce processus coinprend Jes erapes suivantes: 
(1) la rApdtltion dc I'ancientie forme, (2) la destruction de cettc forme, et 
(3) I'intAgrntion dc In forme noiivellc et plus complexe. On n'a troiivA 
aucune Avidence pour Ic dAvcIoppement d’unc solution gcneralisAe du prob- 
lAmc telle que celle ou il a'ngit de ^'I'nddition d'une autre plaque^' d'etape 
en dtape. 
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DIE GRENZEN DER LERNFAHIGKEIT BE! CEBUSAFFEN 
(Rc/crai) 

Scdis juHge Ccbtiflfnft/mchen ^vurdcn im Jeiikins-Pfoblcmjipparnt unicr- 
aucht, cler eine Reihc Au/goben von ziinchiticn^cr Kdmplhlcrlheit 
ermtiglichtj um die Grenzen iUrcr LcnifAhigkcit zii bcalimmcn. Dna Prob¬ 
lem beateht darniia, d^ss cin Tier eiiic oder nichcfc PIttlicn auf dciii Boden 
dea Problcmkaatena driickt Es wiirde mit cincr cinzcincn Plaftc angc- 
fangen, und die Kompllzlcrthcil dcr Kcnkllon wurde diirch die llinziiBclziing 
von Pkuen cine nneh dcr andcren allmiihlicli vcrmchrt, bifl die Reilve \ibcr 
die LcrnfalugkuU dea Tierua hinnuaging, Subaid daa Tier doe Krliuriun 
von neuj) iehlcrioaeii Verauclicn aua zehn errcichlc, ging cs due Stufc 
h^her, d.h^ einc nndere PIqIIc wiirde hinzugcscizl, Die Tierc wnrdeti 
wflhrend dea Vormiltaga gepriilt und erhiciten zchn Proben pro Tag in 
einer Reihc von funf. Die Bclahnung war cine klcine Roainc und cln 
gleich kleinea Stiick Aplc). Die Liinge jcilcr Probe >vurde niif drei Minulen 
geaetzL Wenii cs cinem Tier misslang, die Norm dcr Dcnicialcnmg (ncim 
fehlerloac Proben nils zelin) auf ciner gcgebcncii Slufc innerhalb LOGO 
Verauche zii crrciclicnj wiirdc tier Versuch niifgcgcben.^ Dqb Experiment 
vrnrdc um der Dequemlichkeit willcn in zwei Tcilc cingclcilt; (rr) dna 
Gnindproblem und {h) dna fortgcachriuciic Problem, Die Aufgnbc bcim 
Grundproblcm bcatnnd nus drei Suircn, Bel SUifc I Wurden die AfFcn 
troiniertj Pialte 1 zu berOhren; bcl Slufe 11, PlaLlcn 1 und 2 dcr Reihc nnclij 
und bel Slufe lllj Flatten 1, 2 und 3 dcr Reihc nneh. lici dem forlgcBchrit- 
tenen Problem, daa bjoas cine Forlactzung dca Gcbildea jcnaclLa dcB drei- 
alufigen Muaiers war, wurdc Schock als Auaporn ziim Ecrncn dcr ver- 
Bchiedencn SUifen gcbroucht. Daa forlgcachriucnc Problem erforderte 
eine Umkehrung der RichUmg acilcna dca Tierca bei Slufen 4, 6, B, 10, 12, 
und 14. pic erhaUenen Wertc wurden in zwel Klaaacn um dcr Bequem- 
llchkelt willert cingetcilt; Lerndalcn (Verauche, Irrtdmer, und Zcilwcrtc) 
imd T^tigkeitsdaten (nicdcrgcdrdcktc PUlLcn, durchlnufcnc Quadnuitcnj 
Anzahl der Quadranten pro Platte, Anznhl dcr Plnltcn pro Minute, Anznlil 
der Qtiadr/inten pro Minute und Andere Tiitigkcjtsdnten). Die Grenzen in 
AuadiUcken der Stufen, die die Ticre crrcichtcn, wnren folgcnde: V, VI, 
VIII, XI, XIV, XV. DU Raiigstufe in Stufen ist von 5 bia 15 mit cinem 
Durchachnitt; von 9,B. Dos Hauptintcrcaae bci dem vorlicgcndcn Problem 
war die Erhaliung von Dnten ilbcr den CcbuaafTcn, die mit denen von 
Fjeld (B) atreng verglelchbar wiiren. Ein Vcrgleich dicBcr Dnten fiihrlc zu 
dem probenden SchltiBs, daaa cs keinen bedcutaninen Untcrachied zwischen 
Cebus- und Rhesuaalien auf dem Nivenii der Filhlgkeit gibt, GewohnlieilB- 
gcbilde diejes Typus zu biMen. Die Tierc alicr aind salchcri Srlirgcticrcn, wic 
Kiltzchen, weisaen Rnlten und Meerschwcinclicni merklich (ibcrlcgend, Die 
Unterachiede, die aich zur Unterscheidung dca Cebua- vam Rhesuauffen 
zeigen, erscheinen zum groaacn Teil ala Folge der Temperamentafaktoren, 
welchc die belden Aftcn unteracheiden. Die allgcmelnc Mclhodc zur 
Geblldegeataltupg, wie dns Problem verwlckclt wird, iat dicacibc bci dcu 
belden Arten, Dicaer Prozcaa bestcht aus den folgciulcn Stndicn; (I) 
Wiedcrholung dea alien Gcbildea, (2) die Aufbrcchung dicHca Gcbildea, iitid 
( 3 ) die Intceration dea neuen tmd vcrwlckcUcrcn Geblldca. Kcinc Evi- 
denz zur Entwicklung einer vcrallgemcinertcn Lbaung tUa Problema zcigLc 
aich, wie diejenige, die nus dcr "HinzuacUung noch ciner Pintle'* von Stiifc 
zu Stufe beatand, 
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I 

INTRODUCTION 
The Problem 

Variation in human intelligence is universally rec¬ 
ognized. But experimentation to discover the causes 
which affect this variation has moved slowly. The rea¬ 
sons are obvious. First, conditions which permit the 
control of either heredity or environment are difficult 
to secure, and secondly, our tools for measurement are 
limited and crude. Although identical twins provide 
an absolute control of heredity, their separate location 
in diverse environments is rare. Experimentation in¬ 
volving the control of environment, on the other hand, 
is not entirely possible. Measures are available for only 
certain of its features. For its dynamic attributes we 
have no measures. Hence, what may appear to be sim¬ 
ilar environments are only approximately identical- 
However, the individual mental examination has been 
demonstrated to be fairly reliable of what may be 
called test intelligence. 

The present investigation approaches the problem by 
a comparison of two groups of children living in ap¬ 
proximately identical environments. In one group, the 
children are unrelated by blood or marriage to the 
persons shaping the environment. They are adopted 
children. In the other group, the children are the off¬ 
spring of the persons who have shaped the environ¬ 
ment. Both heredity and environment are operative 
in the latter group, while in the former, only environ¬ 
ment. 


[ 241 ] 
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Resembiance as expressed by means of the correla¬ 
tion between attributes in the home and test intelli¬ 
gence of child will constitute one type of analysis. Pre¬ 
sumably the magnitude of the correlation between 
adopted children and tlieir foster homes is a function 
of environment. In the case of parents and true chil¬ 
dren, it is a function of heredity and environment com¬ 
bined. 

A comparative analysis of mean intelligence with 
cultural levels will constitute a second type of analy¬ 
sis. Since, as will subsequently be shown, the mean 
intelligence of the two groups of children Is almost 
identical, marked contrasts in intelligence under con¬ 
stant environmental conditions would place the bur¬ 
den of causation, on heredity. 

If random placement of adopted children exists in 
each social stratum then variation from the mean in¬ 
telligence of the group may be assigned to enviren- 
•mental diversity. Since the homes in both groups of 
children represent an equal spread on the cultural 
scale from high to low, we may assume that the nurture 
factor is equally potent in the determination of final 
variance in IQ, If the genetic variation in intelligence 
of each group of children corresponds to the variation 
measured by our test of intelligence, then the contribu- 
:tion of environment toward final variability in IQ of 
adopteds would be definitely increased, since they are 
somewhat less variable than the children reared by 
their own parents. 

It should be emphasized that whatever trends and 
conclusions can be found in this study are valid only 
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for populations as homogeneous in racial extraction, 
social standards, and educational opportunities as that 
from which our subjects are taken. The distribution 
of homes of the children in this investigation are prob¬ 
ably somewhat skewed toward a superior level. Adop¬ 
tive homes of even the lowest occupational and eco¬ 
nomic levels are undoubtedly superior, in respect to 
other traits, since society’s control and imposition of 
standards on this type of home is much greater than on 
the ordinary home. The educational requirement ad¬ 
hered to in matching our adoptive homes with homes 
in the general population would tend to raise the en¬ 
vironmental and genetic level of the homes of the lat¬ 
ter group, This would be particularly true in the low¬ 
est occupational groups. In the main, the homes were 
as variable in essential features as homes of an Amer¬ 
ican urban white population. Clearly they were not 
as variable as if the homes of southern negroes and 
poor mountain whites had been included. In conse¬ 
quence, home environment cannot be expected to have 
as large a proportional effect upon the mental differ¬ 
ences of the children studied as though they were being 
reared in unselected families. 

However, attention should also be drawn to the fact 
that the distribution of inheritable mental capacity of 
the children in this investigation was probably skewed 
toward a superior level. No children of the idiot or 
imbecile grade are included. The true parents of the 
adopted children were somewhat superior in cultural 
status to parents of dependent children in general. 
Hence, heredity cannot be expected to contribute as 
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Jarge a proportional inllucncc to the mental differ¬ 
ences of the children as though a greater variation in 
genetic intelligence was inclutlccl. .Since environment 
was equally variable in both the experimental and 
control populations, and since our sample of parents 
and true offspring (control population) consistently 
yielded coefficients of resemblance of . 50 , it is fair to 
assume that no serious understatement of the general 
inlluencc of environment exists in our experimental 
data. 



11 

HISTORICAL REVIEW 

Eaulim Studies 

Previous to the present investigation, adopted or fos¬ 
ter children have twice been used in major studies of 
nature-nurture and intelligence. Burks (1) of Stan¬ 
ford and Freeman (2) of Chicago published their 
notable investigations in 1928. In fact, the discrepan¬ 
cies between the results of their investigations stimu¬ 
lated the present research. 

Burks undertook a comparative analysis of foster 
parent-foster child resemblance and true parent-true 
child resemblance. The children of her two popula¬ 
tions were matched for sex, age, and occupational status 
of father. For the foster group she found consistently 
low correlations, averaging about ,20 between the in¬ 
telligence of foster children and various attributes 
measured in their foster homes; while for her control 
group of true parents and children the coefficients for 
the same factors were consistent with those established 
for filial resemblance in physical traits, i.e., about .50. 
The simultaneous operation of heredity and environ¬ 
ment is posited as the explanation for the latter, while 
the operation of environment alone is offered as the ex¬ 
planation of the coefficients between foster parents and 
children. 

The logical force of the last inference hinges on the 
freedom of her foster group from the probability of 
selective mental resemblance in placement. If mental 
resemblance between foster parents and children ob- 

[2+5] 
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tains, then the relationship exhibited may be due to 
it rather than to any effect of environment, 

Burks circumscribed her foster group by limiting it 
to children who had been adopted previous to the age 
of 12 months. Thus the possibility of precise judg¬ 
ments of mental ability on the basis of overt behavior 
was definitely minimized. Further, she restricted her 
population to the white race and excluded south Eu¬ 
ropean and Jewish children. From her analysis of the 
social data available on family background, she con¬ 
cluded that the possibility of selective mental resem¬ 
blance between foster parent and child on the basis of 
cultural status did not exist. 

In contrast to the low coefficients of correlation be¬ 
tween test intelligence of child and the foster home 
found by Burks, Freeman secured cocflicients that 
ranged frorh .32 to ,S2 when certain subclassifications 
were used, and .48 for his entire population. From this 
evidence he concludes that environment is capable of 
exercising an influence on mental ability commensur¬ 
ate with that established for true parent and child in 
which both heredity and environment are operative. 

Although Freeman’s method was essentially the 
same as Burks’s, his experimental group was not 
matched with a control group. His foster population 
also differed considerably in composition. It was prac¬ 
tically double in size (401) ; age at placement ranged 
from 6 months to 17 years, with the mean at 4 years, 2 
months; 8.47 per cent were negro children; four years’ 
residence in the foster home in which the child was 
located permitted admission into the experimental 
group, 
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The possibility of superior foster parents selecting 
initially bright children was considered a small factor 
in. the relationship, by the author. Arguments were 
advanced in support of a negligible selective influence 
because: (1) in 82 per cent of the cases no mental test 
had been given before placement; (2) adequate family 
histories of children were not available by which their 
mentalities might have been estimated; (3) the aver¬ 
age age (4 years, 2 months) at which these children 
were placed in foster homes precluded dependable es¬ 
timates of mental ability from observable behavior; 
(4) when Negro children were omitted, the coefficient 
of correlation between IQ and foster home rating re¬ 
mained practically the same; (S) when 156 children, 
for whom it would have been least possible to estimate 
their intelligence since they had been placed under the 
age of 2 years, were considered independently, a co¬ 
efficient of .52=fc.04 was secured between test intelli¬ 
gence and foster home rating; (6) when 59 children 
for whom no histories were available were considered 
separately from the entire group, a correlation of 
.50±.06 between test intelligence and foster home rat¬ 
ing was obtained. 

In considering Freeman’s explanation for the ab¬ 
sence of selective placement in his data, one would 
promptly agree that estimates of mental ability in 
which no objective test data enter are distinctly lim¬ 
ited. At age 4 years, however, the possibility of es¬ 
timates of mentality from observable behavior is not 
remote, especially with children who have been under 
observation for any length of time. According to the 
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author's tables, the legitimate children, who consti¬ 
tuted 6? per cent of the total foster group, were known 
to the placement agency and cared for in its receiving 
home or in a temporary boarding home before place¬ 
ment In pennanent foster homes for a period of 11 
months, on the average. The illegitimate children, 
who constituted 3S per cent of the group, were known 
and under care for a period of 3 months, on the aver¬ 
age. The mean age at permanent placement for the 
legitimate adopted children was 5 years, 8 months; for 
the illegitimate children, 1 year, 7 months, and as pre¬ 
viously stated the average age at placement for the en¬ 
tire group was 4 years, 2 months. 

Whether the family histories in the Freeman pop¬ 
ulation were sufliciently complete to forecast the po¬ 
tentialities of the children can be seriously doubted. 
Nevertheless, the amount of information reported 
caused the author to conclude that "the foster children 
came from inferior homes and had a heredity which 
was decidedly poor,” It is possible that these same 
data supplemented by other unrecorded information 
influenced the placement agency in its choice of foster 
homes. In so far as this occurred, the reported coeffi¬ 
cient of correlation between test intelligence of chil¬ 
dren and foster home rating is weighted by selective 
placement. If all sources of selective placement were 
removed in the Freeman population, then the correla¬ 
tion .48±.03, found for test intelligence and foster 
home rating when Negro children were omitted, would 
stand as substantial evidence in support of the influ¬ 
ence of environment on the mental development of 
children. 
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It is apparent from our analysis of the foregoing 
studies that a knowledge of selective placement is es¬ 
sential to the interpretation of nature-nurture findings 
in which foster or adopted children are the subjects, A 
mathematical expression of resemblance between the 
intelligence of adopted children and their homes may 
be a function of either selective placement or environ¬ 
ment, or of selective placement and environment com¬ 
bined in unknown proportions. Conclusions cannot be 
made for either nature or nurture, unless it can be dem¬ 
onstrated that the experimental population is free 
from the effects of selective mental resemblance. 

Present Study 

In the formulation of the present investigation the 
problem of mental resemblance between foster parent 
and child resulting from selective placement received 
first consideration. Could it be controlled? Obvious¬ 
ly if reliable preplacement tests were available the 
part that selective placement plays in the choice of a 
home for a child or a group of children could be defin¬ 
itely determined. Moreover, the actual measurement 
of gains and losses in performance on standard tests of 
mental ability accordingly as a child is exposed to ex¬ 
tremes in environmental stimulation would then be 
possible. However, such an experiment would assume 
not only reliable preplacement tests of the child but 
equally reliable measures of environment. Neither 
are available. The files of child placement agencies 
reveal that only a small number of adopted children are 
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tested in advance of placement. Out of a total of 24-49 
cliildren adopted in Minnesota bctw'ccn the years 1918- 
1928, only 98 had been given mental tests. Most of 
these were tested subsequent to placement, In fact, 
failure to adjust in the new home generally prompted 
the examination, 

Despite the absence of prognostic tests of mental 
ability it is highly probable that intellectual promise 
judged from overt behavior and family history enters 
into a social agency's recommendations for adoption. 
The questionnaire replies of 22 child placement work¬ 
ers revealed that 18 regarded probtible intelligence as 
of 'uery gvcal significance in their judgments of the fit¬ 
ness of a child for an adoptive home, two regarded it of 
great importance, and two of slight significance on a 
scale of five descriptive levels, namely: very slight sig¬ 
nificance, slight moderate, great, very great significance. 
Certainly such judgments would fall farthest from the 
mark in the case of infants. More accurate prediction 
of future development on the basis of overt behavior 
could conceivably be made for older children.' Indeed 
very careful placement might result in striking Simil¬ 
arity in the intellectual level of foster parents and their 
adopted children. 

The problems that confront the investigator in a re¬ 
search population of untested children placed at older 
ages are two. First, he must know what elements of 
history and behavior contributed to the judgment of 
the child's mental ability and, secondly, whether the 
bases entering into the judgment were common for the 
entire group of children studied. Unfortunately, agen- 
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cy records do not reveal in any consistent manner the 
bases for their decisions. Hence, the inclusion of chil¬ 
dren placed at older ages would introduce serious dis¬ 
turbing factors in a research papulation. Further, any 
research on adopted children placed at older ages 
involves the measurement of the influence of the en¬ 
vironment previous to the adoptive or foster one under 
consideration. Because of these reasons it was clear 
that our experimental population must be composed of 
children placed in their adoptive homes at as near zero 
age as possible. Only with such a population could we 
hope to secure random placement of children and thus 
reduce the operation of the unmeasurable influence of 
selective placement. It was recognized, nevertheless, 
that judgments of intellectual promise on the basis of 
family history still remained. The ideal experimental 
population would include only those children whose 
age at the time of placement is so young as to preclude 
prediction of future mental development and for whom 
no evidence of family history is available to agencies 
or persons placing the children. The complete elim¬ 
ination of family history is impossible, since the num¬ 
ber of foundlings is relatively small. However, when 
the complexity of human inheritance is considered, as 
well as the infinite variety of factors that enter into the 
determination of socio-economic status in a competi¬ 
tive society, it is clear that inferences as to the mental 
ability of an individual from isolated facts of family 
history are highly unreliable. General trends, how¬ 
ever, in mass evidence have been found to be consist¬ 
ent. For example, the progeny of college-trained pro- 
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fessional people arc generally above the average in 
mental ability, while the children of the unschooled 
laborer are somewhat inferior. A judgment as to the 
intelligence of a particular infant from a knowledge 
of his family background nevertheless would be very 
unreliable. The child may fall far below or far above 
the average of his parental group, Yet if child placing 
agencies pursued a consistent policy of relating cultur¬ 
al status of background to that of the adoptive home in 
all placements, a definite resemblance between foster 
parents and children would result. The contribution 
of family history to a judgment of the intellectual level 
of our experimental children and its consequent 
weighting of the observed resemblance between adop¬ 
tive parent and child will be discussed in Section VII. 

The imperative need of a check upon our methods 
committed us to a control group of true parents and 
offspring from the very inception of the study. Only 
from a study of a group of children who had been 
given the same tests and measures as the adopted chil¬ 
dren could we hope to attach any meaning to the re¬ 
sults observed in the adoptive group. High or low cor¬ 
relations between adoptive parents and children, for 
example, might well be said to be the result of factors 
peculiar to our measuring instruments. The behavior 
of any particular group of human beings has meaning 
only in so far as we know how human beings in gen¬ 
eral behave. With measurable environment identical 
for both groups of children, differences in the relation¬ 
ship of child’s intelligence to environment obviously 
must be the result of the presence of a common liered- 
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ity in the case of true parents and offspring and the re¬ 
sult of the absence of hereditary likeness in the case of 
adopted parents and their children. 



Ill 

SUBJECTS 
SouiicE OF Subjects 

Once the decision was made to limit the investigation 
to children placed in their adoptive homes at a very 
early age, it was apparent that the records of adopted 
children deposited in the Children's Bnreau of the 
State Board of Control would be our most complete 
source for subjects, since the adoption records of the 
entire state are available there. 

Due to the relatively small number of legitimate 
children that are available for adoption in early in¬ 
fancy, it was deemed better to limit oiir subjects to 
illegitimate children. An additional point of signifi¬ 
cance in favor of illegitimate children was the greater 
probability of securing a population whose intelligence 
■would be normally distributed. Legitimate children 
are ordinarily available for adoption only because of 
serious intellectual and economic inadequacies in their 
parents or immediate relatives. Illegitimate children, 
on the other hand, are relinquished for many reasons, 
namely; the youth of the parents, the social stigma at¬ 
tached to the illegitimacy situation, economic inade¬ 
quacy of parents, and intellectual incompetency of the 
parents. The economic inadequacy of unmarried par¬ 
ents is frequently associated with youth, while the eco¬ 
nomic inadequacy of married parents generally arises 
from intellectual and personality deficiencies. In gen- 
eral, a population of legitimate dependents appears to 
come from a narrow socio-economic range, while il- 

[254] 
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legitimate dependents come from a more variable fam¬ 
ily background. 

Our first step, then, in anticipation of our research 
project was the tabulation of the factual items of fam¬ 
ily history for the illegitimate children adopted in 
Minnesota during the period 1918-1928. This period , 
was chosen because it would provide children who 
would be not less than 5 nor more than 14 years of age 
at the time of the field investigation, 1932-1933. Rec¬ 
ords were available for 2449 children. Our transcript 
included information on the personal history of the 
child, the true parents and the foster parents. 

Experimental Group, Criteria of Selection 

In order that the least possible ambiguity exist in 
our results, the experimental group was limited to: 

1. Children placed in their adoptive homes at 
the age of 6 months or younger, (The mean age of 
placement was 2.5 months) At this early age precise 
judgments of mental ability on the basis of test per¬ 
formance, physical development, or overt behavior are 
highly improbable. Further, this criterion assures from 
early infancy an environment that is no more or less 
changing in character than that enjoyed by children in 
general. Moreover, it definitely avoids the difficul¬ 
ties which would arise in attempting to measure the 
influence of environment previous to the adoptive one 
under consideration. 

2. Only those adopted children who were known 
to be of white race, non~Jewish, north-Eitropean ex- 
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traction. This prerequisite tends to reduce the possi¬ 
bilities of a fortuitous resemblance between adoptive 
parent and child on the basis of racial regression. In 
addition it minimizes the possibility of a spurious het¬ 
erogeneity arising from uncontrolled factors relating to 
race. Further, it limits the group to one which is sim¬ 
ilar in composition to the one on which the Stanford- 
Binet test was standardized. 

3. Children who were not less than 5 nor more 
than Id- years of age at the time of investigation, This 
age range is conceded to give the most reliable test re¬ 
sults. 

4. Children reared in communities of 1000 or 
more, In this way we attempted to equalize the in¬ 
fluence of such environmental factors as churches, 
clubs, and schools. No farm children are included, 
Ninety-five per cent of the group have been reared in 
communities of over 10,000. 

5. Children who were legally adopted by married 
persons. Thus we secured a group where the legal 
relationship and responsibility between parent and 
child was the same as that of true parent and offspring. 

6. Adoptive parents who were of while race, 
non-Jewish, Tiorth-Eurapean extraction. With this 
criterion we attempted to reduce the possibility of 
adventitious resemblance and further reduced the pos¬ 
sibility of securing non-English-spcaking homes. 

By adhering rigidly to the foregoing criteria it is 
believed that we have controlled the element of selec¬ 
tive placement to a point beyond the facilities of earlier 



NATURE-NURTURE AND INTBLIJGENCE 


257 


investigators and to the highest possible degree that 
present day child adoption permits. Fitting the child 
to the home on the basis of coloring, physique, and re¬ 
ligious faith, all of which occur, could hardly give rise 
to mental resemblance. Selective placement upon the 
basis of cultural status, however, is still possible. But 
since the preadoptive records did not reveal the facts on 
this point, we can only infer its existence or nonexist¬ 
ence from an analysis of the relationship of certain in¬ 
dices of cultural status. Evidence relative to this point 
will be presented in Section VII. 

In our earliest considerations of a population we con¬ 
ceived a research group which would sample the pop¬ 
ulation of adoptive homes distributed from a socio-eco¬ 
nomic standpoint as male occupations are distributed in 
the general population. Because of the limited number 
of children placed in homes of the laboring class this 
plan had to be abandoned. In its place we accepted all 
children available in the two lowest occupational 
groups and secured at least 40 children at every other 
level. With these numbers we have not only obtained 
a fair picture of environmental differences contingent 
on occupational status, but have also secured a fair 
sample of the selective placement that may operate on 
the basis of cultural status. A small number at any 
level might give a distinctly distorted picture, 

Control Group, Criteria of Selection 

With the primary purpose of a control group serv¬ 
ing as a check upon the validity of our methods, each 
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adopUd child was matched with an own child as fol¬ 
lows: 

1. For sex> 

2. PVllhin an aye range of pins or minus 6 
months, 

3. Whose fathers' occupations fell in the same 
group oh the Minnesota Occupational Scale, 

4. Whose fathers’ school altainments agreed 
within plus or minus one school grade level, 

PVhose mothers' school attainments agreed 
within plus or minus one school grade level, 

6. Whose parents were white race, nou-Jewish, 
north-Eiiropean extraction. 

7. Whose residence has been in communities of 
1000 or more. 

The problem of matching cases was very arduous 
and time consuming. The degree to which we have 
been successful in locating two groups of children liv¬ 
ing under similar environmental conditions: one, un¬ 
related by blood to the adults rearing them, the other, 
the offspring of the adults shaping the environment, 
will be shown by a series of tables and graphs in Sec¬ 
tion V, 

In matching cases for occupation and education, we 
employed the two most objective indices of cultural 
status that are available, In 12 cases the educational 
criterion was not adhered to, It was necessary to be 
content with agreement in education for one parent. 
In these cases, however, the educational disparity be¬ 
tween the other adoptive parent and his control was 
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held within the ordinary school groups of elementary, 
high school, or college level. 

A typical match is illustrated by the following ex¬ 
ample. A lawyer, in the person of an adoptive father 
who had completed college and whose wife had fin¬ 
ished the eleventh grade in high school, might be 
matched with an electrical engineer of not less than 
three or more than five years of college and whose wife 
had completed at least the tenth, but not more than the 
twelfth grade in high school, provided the sex and age 
of their respective children agreed, 

If environment is dominant, it would seem that the 
trend of any trait concerning the children and their 
environment would be similar in direction and mag¬ 
nitude for both the adopted and control populations. 
Certainly, our adopted children should clearly reveal 
the relationship of environment to attributes which are 
not reciprocally affected by the innate tendencies of the 
child, For example, the occupation of the adoptive 
father is obviously not a function of the intelligence 
of the adopted child, while the number of children’s 
books in the adoptive home and the intelligence of the 
child are reciprocally dependent. The books may be 
in the home because intelligent children enjoy books. 
Or the children may be more responsive and alert be¬ 
cause the books are in the home. When the age of our 
children at the time of the test is considered, it is ap¬ 
parent that there are many factors in the adoptive 
home whose existence is entirely independent of the 
child and, therefore, whatever relationship exists be¬ 
tween these factors and the child may be regarded as 
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a measure of the influence of environment. The re¬ 
lationship between parent and true offspring, how¬ 
ever, is a complex of environment and heredity. Here, 
for example, the child's intelligence may be not only 
the result of the quality of the environment that the 
parents have provided, but also an inherited character¬ 
istic from the parents. From the adopted population 
we should be able to get a measure of the influence of 
environment; from the control population a measure 
of the influence of environment reenforced by heredity. 
Whatever unreliability exists because of imperfections 
in our measuring instruments will be similarly existent 
in both populations. Further, whatever the accumu¬ 
lated effect of environment may be, it will be opera¬ 
tive in both populations in the same direction since 
both have enjoyed what might be termed an ordinarily 
continuous environment. 



IV 

METHOD 

Approach to Subjects 

With but few exceptions each experimental and 
control family was interviewed three, times. The first 
interview was concerned with an explanation of the 
purpose of the study and with the collection of social 
data. At that time the mother was ordinarily seen alone 
when the child was away at school. 

The second interview was devoted to testing the 
child. This was done either in the home or at the Uni¬ 
versity. The former was allowed for all cases located 
outside of Minneapolis and St. Paul and for residents 
of the latter communities when conditions made a trip 
to the University impossible. Every attempt was made 
in the case of the latter to approximate good laboratory 
standards for individual mental examinations. With 
but few exceptions the entire control group of children 
were examined at the schools which they attended. In 
their situation the study could be explained to the 
school authorities since there was no danger of disclos¬ 
ing confidential information. 

The third interview was given over to a report of the 
child’s test performance followed by the administra¬ 
tion of a set of intelligence tests to the parents. This 
interview was usually held in the evening when both 
parents could be present. In a small number of cases, 
the second and third interviews were combined; while 
one investigator tested the child, the other tested the 
parents. 


[ 261 ] 
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The time required to carry out our program with an 
individual iamily varied from five to seven hours. 
Only rarely was it completed in less than five hours. 

The confidential character of our knowledge of the 
presence of an adopted child in a home demanded that 
we proceed with caution. Hence the introduction of 
the study to a parent followed a pattern designed to 
respect this confidence, as well aa to secure the highest 
possible cooperation. First, a letter which explained 
the character and extent of the investigation was dis¬ 
patched. It contained no reference to adopted chil¬ 
dren. 


The Institute of Child Welfare of the University of 
Minnesota is making a research study of the cliild in his 
home environment. Four hundred homes located in var¬ 
ious parts of the stato of Minnesota have been carefully 
selected to take part in this study. Your home was nmong 
those chosen. 

Other than a total of about two or three hours of time 
no demands iniidti oJ paTtnis, A field wotlcet wiW 
want to see you and then give your child certain simple 
ability and interest tests. Most children regard the tests 
as games and seem to enjoy them thoroughly, The tests 
will be given in your home or at the University, which¬ 
ever seems the more convenient, The study is entirely 
non-commercial. The fullest practical and scientific value 
of the study will be possible only through the assistance of 
parents. Your cooperation will be a contribution to an 
important scientific project. 

During the progress of the study parents will be given 
the results of their children's tests. These should be of 
considerable interest and value. They will be used for 
statistical purposes only and without the names of the in¬ 
dividuals participating in the study, 
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Gauging the receipt of the letter and allowing suf¬ 
ficient time for both parents to have perused its con¬ 
tents, inquiry was made by telephone as to whether or 
not the communication had been received, If the re¬ 
ply was in the affirmative, an opportunity to visit the 
home in order to explain the study was promptly re¬ 
quested. If the letter had not been received, the study 
was briefly described and a future communication 
promised. Reference to the status of the child was 
avoided in all telephone communications. However, 
a number of persons (30-35) asked precipitously 
whether the presence of an adopted child in their home 
had been the basis of selection. Admitting the inclu¬ 
sion of adopted as well as own children in the study, a 
direct answer to the question was usually evaded—not 
of course with invariable success. However, in most 
cases we were able to postpone the discussion of the 
exact basis of selection until the home visit. At that 
time the basis of selection of subjects, the importance 
of adopted children in a study such as we were under¬ 
taking, and a complete description of our plan was 
frankly discussed. Even in families where the child 
had not been told of his adoption and the parents had 
at first feared that cooperating in our research would 
disclose the fact, the explanation of the significance of 
the study along with the assurance that the identity of 
the individual would be held in strict confidence was 
sufficient to secure excellent response. For a small 
number of families who could not be reached directly 
by telephone, the original announcement letter indi¬ 
cated possible visiting hours. A self-addressed card 
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on which to record their preference was also enclosed. 
One hundred and ninety-four, 84 per cent of the total 
number (231) of adoptive families asked to cooperate, 
participated in the study, Thirty-seven families, 16 
per cent, refused their cooperation. Twenty-three of 
these were telephone refusals. Only 14 refused after a 
personal interview. Although the telephone refusals 
constitute 62 per cent of the total group refusing, the 
method was distinctly economical of time. Further, 
suspicion and antagonism would In all probability 
have been greater had an investigator appeared unan¬ 
nounced at the home. As evidence of the authenticity 
of the investigation, the parents had before them a 
letter on official stationery, signed by the Director of 
the Institute of Child Welfare, 

The reasons offered by those parents who refused 
their cooperation were the following; a fear that the 
knowledge of adoption would reach the child, child 
sensitive about adoption, uninterested in study, and un¬ 
willing to have child tested. In the group that co¬ 
operated, only SO per cent of the children had been 
told that they were adopted, The proportion of chil¬ 
dren without instruction as to their true status among 
the refusals is probably greater. Unwillingness to have 
child tested was given in only three cases. A larger 
number in this category would probably seriously af¬ 
fect our results, A complete analysis of the entire group 
that refused cooperation and a discussion of the prob¬ 
able effect of their refusal on our results will be pre¬ 
sented in Section VII. 

The approach to our control families followed that 
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used for the adoptive homes. The same announcement 
letter was used. Due to errors in matching cases, 40 
control families over and above those used in our an¬ 
alysis were given partial or complete study. Here the 
number of refusals was small. Because they could al¬ 
ways be replaced by other families that resembled the 
adoptive family equally as well and who would pre¬ 
sumably equally well expose familial resemblance, no 
description was compiled. 

Tests Employed and Their Administration 

The tests and measures used for both the adoptive 
and control families were the following; 

1. A set of three blanks entitled The Child and His 
,Environment covered the family and personal history 
of the child. Space was provided for specific infor¬ 
mation as to the identity of the child, the condition of 
his health, the cultural background of his true parents 
and for the replies to 88 questions relative to the cul¬ 
tural, economic and social status of the adoptive home. 
This last category of information constitutes our quan¬ 
titative measure for environment. All replies were di¬ 
rectly recorded in the mother’s presence. The ques¬ 
tions pertaining to the true parents were almost in¬ 
variably held over to the latter part of the interview. 
Occasionally, however, the adoptive parent volunteered 
the information in advance of any specific questions. 
None gave the impression of withholding information 
on these points, although the majority were unable to 
answer the questions pertaining to the child’s family 
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background. Obviously this section was not pertinent 
in the case of the control children. 

The second blank permitted a description of the 
home as gleaned from informal conversation with the 
mother. The child's personality, behavior, his school 
progress, and a narrative of the circumstances sur¬ 
rounding his selection were the topics usually dis¬ 
cussed. These data were recorded subsequent to the in¬ 
terview, but as soon after as possible, 

The third schedule designed to contribute to our 
knowledge of family .'ind personal history was the in¬ 
terest interview with the child. This was usually ad¬ 
ministered after the mental examination and covered 
the child’s educational and social activities. The ques¬ 
tions were asked directly and the replies were recorded 
immediately, 

2. The Stanford Revision of the Binet-Simon 
Tests as described in Terman’s “The Measurement of 
Intelligence’’ was administered to all the children, The 
procedure recommended by its author was rigidly ad¬ 
hered to, i.e., the testing was carried down to a level 
at which all tests were passed and up to a level at which 
all tests were failed. For those children who exceeded 
the limits of the test the correction worked out in con¬ 
nection with the Stanford Study of gifted children was 
applied. (Terman, 8, p. 42) In order to minimize er¬ 
rors contingent on the personal differences of examin¬ 
ers, a single examiner administered all of the tests to 
the adopted children.^ Similarly in the case of the con- 

Winona Morgan, the chief amittiint, tested every ntloptcd child. 
MUn Arnanda Herring Icsted nil of the control children, Doth exninilieri 
had M,A, degrees In psycholDgy and both were trained in mental testing 
by Dr, F, L, GoodpnaugK. 
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trol children a single examiner was used. All tests 
were checked and rescored by the mental test division 
of the Institute of Child Welfare. 

3. The Woodworth-Mathews "Personal Data 
Sheet,” a questionnaire of 75 questions designed to 
reveal psychotic tendencies, was given to all children 
age 10 years and over. Two questions (44 and 45) 
which pertain to adopted children were blotted from 
the booklets. According to the author the total num¬ 
ber of unfavorable responses provides an index of an 
individual’s emotional stability. Since all other varia¬ 
bles entering into our analysis are expressed by incre¬ 
ments which increase with favorableness, the Wood¬ 
worth-Mathews questionnaire was scored for total 
favorable responses. No claims are made for the 
validity or reliability of the questionnaire. It is simple 
to administer and supplies a ready instrument for com¬ 
parative analysis. 

4, The Otis Self-Administering Test of Mental 
Ability—Intermediate Form A, was given to the par¬ 
ents. The Intermediate examination, designed for 
grades 4 to 9, was chosen instead of the higher examina¬ 
tion designed for high school and college students be¬ 
cause of the great difficulty exhibited by 20 parents 
who tried the higher examination. They found the 
illustrative questions imposing and in general their 
“set” to the test situation was one of anxiety. And al¬ 
though our social data subsequently showed the mean 
schooling of the adoptive parents to be eleventh grade 
and that of the control parents, tenth grade, the average 
older adult is unfamiliar with the test situation and 
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*'shys off” anything of this nature that appears difficult. 
The fact that the test results were to be used primarily 
for comparative purposes further justified the use of 
the simpler form. 

In order to reduce the fear that might arise from the 
word "tesi'* the title at the top of each Otis examination 
booklet was pasted over with a piece of paper resem¬ 
bling in texture and weight that of the booklet. In re¬ 
ferring to the test the investigator called it a list of 
questions. Otherwise its administration adhered to the 
directions given in the manual. Twenty minutes was 
allowed for its execution. As in the case of the chil¬ 
dren's mental tests, each Otis examination was checked 
for scoring errors. In choosing the Otis the author was 
influenced not only by the ease with which it can be 
administered, hut also because it would provide a check 
on Freeman's results since he had used it in his study 
of the influence of environment on intelligence. 

5. The Stanford-Binet Vocabulary Test was given 
to the parents. Total vocabulary score was calculated 
on the basis of the subject’s responses to the first list of 
words, Definitions were carefully checked according 
to the directions in Terman, The Measurement of In¬ 
telligence. This test was included in our program be¬ 
cause of its high correlation with the whole Binet scale 
and, secondly, because it had been used by Burks in her 
study of nature-nurture and intelligence. 

6. A transcript of the social agency's record of the 
child and his true parents was made. The items of 
education and occupation of forbears were rechecked 
with the original record in order to have available the 
most reliable information possible on the cultural level 
of the child’s background. 



DESCRIPTION OF EXPERIMENTAL 
GROUPS 

Our Adopted and Control groups will be described 
by a series of tables and graphs. The’first of the series 
concerns the children—their age, school grade, and in¬ 
telligence. 

Age 

In Table 1 and Figure 1 age is shown. From these 
figures, it is apparent that this research concerns two 
groups of children who arc practically identical in 
age; the mean for the Adopted group is 9.3=t2.5 years, 
for the Controls, 9.4=fc2.S years. 

TABLE 1 

Age Distribution of Adopted and Control Children 


Age in years 


Adopted children 

Control children 

15 


1 

4 

14 


10 

; 7 

13 


14 

17 

12 


la 

16 

11 


23 

23 

10 


24 

24 

9 


20 

22 

B 


23 

2B 

7 


35 

33 

6 


20 

15 

5 


6 

5 


M 

9.3 

9.4 


SD 

2.5 

2-5 


N 

194 

194 
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School Grade 

Although the children were not matched for school 
grade, the agreement in school attainment as shown in 
Table 2 and Figure 2 is striking. The mean school 

TAWLE 2 

Distrijution of School Gradu of Adoptud and Control 
Childrun 


School grnde 

ALioptecI children 

Central children 

10 


4 

9 

10 

5 


9 

a 

7 

Ifi 

17 

6 

17 

19 

5 

22 

23 

4- 

U 

23 

3 

22 

27 

2 

Zfl 

25 

1 

33 

31 

Kgn. 

a 

11 


M 3.9 

3.9 


SP 2.5 

2.5 


N 191 

193 



grade of the Adopteds is 3.9 with a standard deviation 
of 2.5; the mean for the Controls is also 3.9 with a 
standard deviation of 2.S. Hence, whatever may be 
the influence of environment functioning through the 
institution of the school, we should expect it to affect 
the two groups equally. 
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Intelligence 

The distribution of intelligence test scores is shown 
in Table 3 and Figure 3. The average IQ of the 


Distribution op 

IQ 

TABLE 3 

0? Adopted and 

Control Children 

Stanford-Binet 

IQ 


Adopted children 

Control chldren 

160-lfi‘l- 


0 

2 

15M59 


1 

1 

150-15+ 


0 

0 

1+5-U9 


1 

2 

140-144 


2 

0 

135-139 


1 

6 

130-134 


6 

7 

125-129 


11 

19 

120-124 


26 

13 

115-119 


21 

19 

110-114 


31 

23 

105-109 


33 

21 

100-10+ 


23 

26 

95- 99 


21 

2+ 

90- 94 


6 

17 

B5- fl9 


ID 

5 

BO- 84 


0 

7 

75- 79 


1 

2 


M 

110.5 

109.7 


SD 

12.5 

15.4 


N 

19+ 

19+ 


OtaTWBUTlON or.|OJa or adopted ahd control chldrcn. 



Adopted children, as determined by the Stanford-Binet 
Test, is 110,5, of the Controls 109.7. A statistically 
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insignificant difference of .8 exists between the two 
groups. 

Although practical identity exists in test intelligence, 
a consideration of why the averages of the two groups 
are above those of children in the general population 
is pertinent, Since it has been demonstrated that girls 
do better on verbal tests than boys, can the dispropor¬ 
tionately larger number of girls in these data, 61% as 
against 39% boys, have determined these averages? 
A separate analysis of the test performance of the boys 
and girls in both populations showed the difference 
between the sexes to be insignificant. The mean IQ of 
adopted boys is 109.6, of adopted girls, 111.4. The 
ratio of the difference to its standard error is 1.02. In 
the case of the control children, the mean for boys is 
110.0, and for the girls, 109.S. Here the ratio of the 
difference to its standard error is .004. 

The next consideration was selection. The proba¬ 
bility that it is operative in the Control population is 
reasonable, since in matching cases on the basis of 
adoptive father’s occupation the number of homes in 
the upper economic levels outweighs the number of 
homes in the lower occupational groups. In fact, there 
are five times as many homes of the professional class 
as this level appears in the general population, and the 
excc&s of homes from the business managerial group 
is two times their occurrence in the general population, 
while the proportion of homes in the two lowest occu¬ 
pational groups is about one-half their frequency in 
the general population. Hence the positive deviation 
of average IQ is to be expected, since here we have se- 
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lective heredity and superior environment, both opera¬ 
tive. 

A further condition which would tend to lift the 
intellectual level of control children in the lower oc¬ 
cupational brackets, and hence raise the general aver¬ 
age of the entire group, is the fact that control parents 
were selected on the basis of their agreement with 
adoptive parents in school attainment. When this 
criterion is introduced into groups whose occupation is 
not dependent upon amount of schooling, as in the case 
of the unskilled workman, the intellectual level of the 
group is thereby raised. 

What is the evidence of selection in the Adopted 
group? If we have random placement of adopted 
children, an excess of homes from the upper economic 
levels should not have the effect observed, unless it can 
be ascribed to the influence of environment. Before 
such a conclusion is warranted, the elimination of un¬ 
promising candidates for adoption must be considered. 
Inquiry into the laws concerning the adoption of chil¬ 
dren in Minnesota reveals that, since 1917, annulment 
of adoption is possible if the child develops to be fee¬ 
bleminded, epileptic, insane, or afflicted with venereal 
disease, as a result of conditions existing prior to the 
adoption. Annulment because of feeblemindedness oc¬ 
curred in one case that we attempted to locate. How 
many children were placed out but not adopted be¬ 
cause of mental defect we have no way of knowing. 
Since 1917 a trial period of six months' residence in 
the home before adoption has been required by law. 
All of our children have resided five or more years 
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and all had been legally adopted. Further, since 1925, 
a child has been regarded as unsuitable for adoption, 
if one or more of the following obtain; (1) the off¬ 
spring of incestuous cohabitation, (2) one or both par¬ 
ents feebleminded or insane and the mental state of 
the child is as yet undetermined, (3) if the child is 
crippled or deformed or afllictcd with tuberculosis, 
venereal disease, or other contagious or olfensive 
disease that render his presence a menace to others. 

The restriction denying adoption to children of fee¬ 
bleminded persons until the offspring’s intelligence is 
determined would alone be sufficient to raise the gen¬ 
eral intellectual level of adopted children. Since all 
of our children were placed and adopted previous to an 
age at which reliable tests of mental ability can be 
made, it follows that there was no known history of 
feeblemindedness in their inomediatc background. 

On the basis of the foregoing conditions, we should 
expect positive skewness in the intelligence level of 
our adopted children, It should also be noted that 
in an analysis of the cultural background of 10,000 
potential dependent children made by the author and 
published in The Journal of Genetic Psycholoffy, De¬ 
cember, 1932, it was found that dependent illegitimate 
children who were relinquished for adoption had more 
superior family histories Judging from occupation and 
education of parents than those children retained by 
their true mothers, Hence, the element of selected 
heredity appears to be playing a distinct part in the 
positive deviation of the average IQ of our Adopted 
children. The part that environment may be playing 
will be discussed in Section VI. 
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The environmental indices of our populations in¬ 
clude: educational attainment, test intelligence scores, 
and vocabulary scores for both parents, the occupa¬ 
tional status of the fathers and home rating as expressed 
on a quantitative scale designed to measure urban home 
conditions. 

Education of Parents 

Tables 4 and 5 and Figures 4 and S describe the 
school grade attainment of the two sets of parents. The 
agreement is marked. The mean in the case of the 
fathers of Adopted children is 11.2±4,3, of Controls, 
11.4±4.0. The mean school grade attainment of the 


TABLE 4 

Distribution or Education of Adoptive and Control Fathers 


School grade 
cornplctecL 

Adoptive fathers 

Control fathers 

21 


0 

1 

20 


1 

3 

19 


4 

5 

la 


13 

2 

17 


5 

7 

16 


34 

30 

IS 


2 

9 

14 


6 

9 

13 


1 

6 

12 


24 

21 

11 


6 

5 

10 


12 

14 

9 


7 

11 

S 


46 

46 

7 


n 

9 

6 


10 

a 

5 


2 

5 

4 


2 

1 

a 


6 

1 

2 


0 

0 

1 


1 

0 


M 

1].2 

liA 


SD 

4.3 

4.0 


N 

193 

193 
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TAHLE 5 

DisTRintJTioH OF Education of Adoptive and Control 
M oTiinns 


School grqdo 
compIcLet) 


Adoptive molhere 

Control mothers 

17 


0 

1 

16 


20 

20 

15 


4 

10 

U 


11 

7 

13 


6 

U 

12 


45 

43 

11 


It 

J2 

10 


15 

la 

9 


a 

14 

B 


50 

40 

7 


6 

6 

6 


5 

3 

S 


7 

7 

4 


3 

2 

3 


I 

0 


M 

10.5 

10.B 


SD 

3.1 

3.0 


N 

192 

19A 
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mothers of Adopted children is 10.5±3.1, of Control 
mothers 10.8±3.0, 


Intelligence of Parents 

The similarity in intelligence test performance of the 
Adoptive and Control parents is notable. As shown 
in Table 6 and Figure 6, the mid-parent score for 

TABLE 6 

Distribution of Mid-Parent Otis Score of Adoptive and 
Control Parents 


Otis score 


70-74 
65-69 , 

60-64 
55-59 
50-54 
45-49 
40-44 
35-39 
30-34 
ZS-29 
20-24 
15-19 
10-14 
0- 9 

M 

SD 

N 


Adoptive parents 


4 
24 
24 
28 
16 
27 
16 
12 

9 

8 

5 
1 
3 
0 

so.o 

13.6 

177 


Control parents 


10 

24 

25 

26 
12 
19 
12 
12 
10 

4 

1 

2 

1 

0 

52.0 

13.1 

173 


BI3TRIBUTI0N Cr MlO-PARCriT IJT|3 3CORES IN ADOFTIVC 



FIGURE 6 
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Adoptive parents on the Otis test of mental ability is 
50.0=fcl3.6, for the Control parent it is S2.0±13.1. 

Vocabulary Abiuty of Parents 
On the Stanford-Binct vocabulary test the difference 
in the performance of the two groups of parents is in¬ 
significant, The average for the Adoptive parent is 
65.0=tl2.0, the average for the Control parents is 
63.2=fcl2.1 as given in Table 7 and Figure 7. 

TABLE 7 

Distribution of Mid-Pariimt Vocabulary Scoru of Adoptive 
AND CONTHOI. PaRBNTS 


S.D. 

VocttMnry score 

Adopilvc i)Arcm» 

Comrol i^arcnva 


3 

6 

H0-B4 

19 

B 

75-79 

15 

17 

70-74 

36 

2B 

65-69 

31 

21 

60-64 

25 

16 

55-59 

15 

27 

SO-54 

15 

21 

45*49 

4 

9 

40-44 

2 

7 

35-39 

2 

4 

30-34 

4 

0 

25-29 

0 

0 

20-24 

1 

0 

M 

65.9 

C3.2 

SD 

12.0 

12.1 

N 

174 

164 


013TR«UT»M or hW-nk8£KT VOCAaULWTf IH 
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Occupational Status 

Table 8 and Figure 8 show the agreement in home 
environment as determined by the occupational status 
of the fathers of our Adopted and Control children. 


TABLE 8 

Occupational Classification of Adoptive and Control 

Fathers 


Occupational group 

Adoptive fathers 

Control fathers 

I Professional 

41 

41 

11 Business manager 

40 

40 

in Skilled trades 

44 

44 

JV Farmers 

0 

0 

V Semi'skillecl 

45 

45 

VI Slightly skilled 

20 

20 

VII Day labor 

4 

4 

M 

3.1 

3.1 

SD 

1.3 

1.3 

N 

194 

194 


IM5TRIflUU0N or acCUfWTmS OT ADOFF/VE AUD ZomaOL TATHERA. 



Environmental Status 

In environmental status score, Table 9 and Figure 9, 
the adoptive homes show a significant though not very 
large excess over the control homes, I37.9±54.3 as 
against 118.7=t59.6. Since this measure is a combined 
expression of occupational status, education of parents, 
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TABLE 9 

DWTRinuTioN OF Environmental Status Score of Adoptive 
AND Control Homes 


Envlronmeninl 
RUfui Bcorti 

Adoplive homeR 

Control homes 

225-219 


B 

0 

210-224 


IB 

B 

195-209 


15 

13 

IBO-IH 


16 

2t 

16S-179 


12 

10 

150-164 


15 

19 

135-14-9 


13 

U 

120-134 


20 

13 

105-119 


20 

9 

90-10+ 


13 

13 

75- B9 


12 

16 

60. 74 


22 

• 20 

45- 59 


7 

11 

30- 44 


2 

11 

15- 29 


1 

B 

0- 14 


0 

e 


M 

137.9 

118.7 


SD 

54.3 

S9.G 


N 

194 

19+ 


turraimoH or jtatia of 



economic status, degree of social participation, cultural 
materials, and child training facilities in the home, 
and since our Adoptive and Control parents are almost 
identical in occupation and education, the difference 
must be in the other factors. The smaller size of the 
adoptive family no doubt perndits greater material 
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possessions as well as freedom for a greater amount of 
participation in community activities. 

In general it appears that the environment in the 
Control group is truly comparable to that of the 
Adopted group. To the extent that the foregoing in¬ 
dices signify similarity in environmental potency the 
homes of the two groups of children may he regarded 
as equally stimulating. Conceding our inability to 
obtain a measure of the stimulating or depressive effect 
of any one environment for any one child, the general 
influence in the two groups would be most probably 
the same. Hence, if environment is dominant, we 
should expect the magnitude of the relationship be¬ 
tween child intelligence and any single index or any 
combination of indices to be relatively the same for 
both groups of children. 



VI 

MAIN RESULTS OF THE STUDY 

The relationship between test intelligence of chil¬ 
dren and various attributes of their home environment 
is shown in Table 10. Since intelligence and age of 

TAhLE 10 

Child’s IQ Correlatbd with Otiii'r Factors 


Adoputl chiliSrrn CanUoUhildTETi 
Correlated fnetor r P.E. N r P,E» N 


Fathcr^B Oil a flea re 

.15 

.05 

178 

.51 

.04 

175 

Mother's Otis icorc 

.^10 

.05 

186 

.51 

.04 

191 

Mid-parctit Otli acoce 

H8 

.OS 

177 

.60 

.03: 

173 

Father'! S.n. vocabulary 

.22 

.05 

177 

.47 

.04 

16b 

Mother'!'S.D, vocabulary 

.20 

.05 

IBS 

.49 

,0+ 

190 

Mid’parent vocnbiilary 

.24 

.05 

174 

.56 

.01 

164 

Environmcnlal fttulua bcqtc 


.05 

194 

.53 

,03 

194 

CuliLiral indiix of home 

.21 

,05 

19+ 

.51 

,04 

194 

Child training index of home 
Economic Index of home 

.18 

.05 

194 

.52 

.04 

194 

.12 

.05 

194 

.37 

.0+ 

194 

Sotlalliy Index tf home 

.11 

.05 

194 

.42 

.04 

194 

Father's cducatioti 

Mother’s education 

A6 

.05 

193 

AR 

.04 

191 

.21 

.05 

192 

,50 

.04 

194 

Mid-parent education 

.20 

,05 

193 

.54 

.03 

194 

Father s accupat'ionni statu a 

.12 

.05 

194 

.45 

.0+ 

194 


child have been demonstrated to be negatively cor¬ 
related (in these data, age and IQ for adopteds cor¬ 
related from .—.17 to —.19, for controls from —.13 to 
—.18), age has been partiallcd out and the relation¬ 
ships are expressed in product moment correlations, 
Because it was not possible to obtain full information 
for all the persons participating in the study, the num¬ 
ber of cases varies for each correlation. 

Although the difference between corresponding cor¬ 
relation coefficients in the Adopted and Control group 
is consistent and striking, their comparability must be 
determined before any interpretations are made. The 
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test of comparability is equal variability. A reex¬ 
amination of the data in Section V shows almost per¬ 
fect agreement in the variability of environmental fac¬ 
tors entering our correlational table. Equal variability 
does not exist for test intelligence, however, in the two 
sets of data. In the case of the Adopted children it 
is 12.5, for the Control children, it is 15.4. Although 
the difference is not large, correction should be made 
if two equally comparable series of coefficients are de¬ 
sired. Since the nature of the curtailment is known 
and exists in only one trait, the correction evolved by 
Pearson may be applied,® The corrected correlations 
are presented in Table 11. 

TABLE 11 

Child’s IQ Correlated with Other Factors 

(?■ corrected for unequal range in child’s IQ) 


Adopted children Control children 
Correlated factor r P.E. N r P,E. N 


Father's Otis score 

.19 

.06 

178 

.51 

.04 

175 

Motlifir's Otis sct?re ' 


.06 

196 

,51 

.04 

191 

Mid-parent Otis score 

.21 

.06 

177 

.60 

.03 

173 

Father'iS S.B. vociibuJary 

.26 

.06 

177 

.47 

.04 

16S 

Mother's S.B, vocabulary 

,24 

.06 

105 

.49 

.04 

190 

Mid-parent S.B, vocabulary 

.29 

.06 

174 

.56 

.03 

164 

Environmental status score 

,23 

.06 

194 

,53 

.03 

194 

Cultural Judex of home 

.26 

.06 

194 

.51 

.04 

194 

Child training index 

.22 

.06 

194 

.52 

.04 

194 

Economic index 

.15 

.06 

194 

.37 

.04 

194 

Sociality index 

Father’s edneation 

.13 

.06 

194 

.42 

.04 

194 

.19 

.06 

193 

.48 

.04 

193 

Mother's education 

.25 

.06 

192 

.50 

.04 

194 

Mid-parent education 

.24 

.06 

193 

,54 

.03 

194 

Father's occupational status 

.14 

.06 

194 

.45 

.04 

194 


Despite the severity of the correction the absolute 
change in magnitude of our correlations is not great. 
The greatest single increase is .05; on the average the 


^From Kelly (4, pp. 225, 316). 
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correlations are increased .038 points. Note that the 
difference between corresponding coefficients in the 
Adopted and Control scries continues. For the Adopted 
children they are consistently low, about .20. In the 
Control group they maintain the level usually found 
for hereditary physical characteristics, .50. In the case 
of the latter group heredity and environment are both 
operative. Hence variance in intelligence is accounted 
for by variance in heredity and environment combined 
to the extent of about 25 per cent (square of r .50). In 
the Adopted group, however, where environment is 
functioning independently of heredity, variance in in¬ 
telligence is accounted for by variance in environment 
only to the extent of about 4 per cent (square of r. 20). 
If we neglect whatever artificial heredity selective' 
placement of adopted children may have introduced 
into the data, these coefficients are clear evidence of 
maximum variance in intelligence with variance in 
environment. Apparently environment cannot com¬ 
pensate for the lack of blood relationship in creating 
mental resemblance between parent and child. Hered¬ 
ity persists. 

A second type of analysis of our data appears in 
Table 12, where the mean intelligence quotient of 
Adopted children in each successive occupation level 
is compared with the intelligence quotient of Control 
children similarily classified according to occupation 
of father. Note the constancy of the IQ of Adopted 
children, irrespective of occupational level. Its pro¬ 
gression is insignificant. When variability in IQ with¬ 
in each occupational group is considered the children 


( 
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in the lowest level almost completely overlap the chil¬ 
dren in the highest group. The same is true when 
occupational groups V and I are compared, The dif¬ 
ference is entirely effaced between occupational classes 
III and I. If \vc ignore the very lowest occupational 
bracket (VI and VII) in which the number of cases is 
considerably less than in the other levels, a difference 
of only one IQ increment exists between the successive 
occupational classes of Adopted children. 

The Control children, on the other hand, advance 
conspicviously in mean level of intelligence with 
fathers’ occupation. The difference in IQ between the 
lowest occupational levels and the middle group (III, 
skilled workmen, clerks, etc,) is as great as the differ¬ 
ence in IQ between the lowest and highest occupational 
group of the Adopted children. Although the children 
in the two highest occupational classes (business man¬ 
agerial and professional) arc undifFcrcntintcd they are 
widely separated from the children of the middle 
group (about 12 IQ points). The absolute difference 
in child's IQ between the extreme occupational levels 
in the Control group is three times as great as the 
difference between the extreme levels of Adopted chil¬ 
dren. The fact that the children of each occupational 
group are almost identical in age should be borne in 
mind. If the children in the highest occupational 
levels were younger than those in the middle and low¬ 
est groups, then their superior rating in IQ might be 
said to be a function of age. It will also be recalled 
that each Adopted child was matched with a Control 
child of the same age and ■\vhosc father’s occvipation 
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was in agreement with that of the adoptive fathers. 
Hence, cross-comparisons are entirely valid. 

The probability of differences in IQ continuing in 
the same direction with occupational status in the case 
of similarily chosen populations as those observed here 
is shown in Table 13. Apparently none of the differ- 

TADLE 13 

Comparative Analysis.of the Prodadility of Differences in 
IQ OF Children Expressed by D / anff ^ Continuing 
IN THE Same Direction as in the Experimental 
Populations Classified According 
TO Father's Occupation 

Occupational Adopted cliUdrcn Control children 

groupi II III V VI i VII II III V VlirVII 


I 

,40 

.72 

1.27 

1.45 

.32 

3.96 

6.45 

5.43 

II 


.36 

.8B 

1.15 


3.29 

5,44 

4.66 

HI 



.43 

M 



2.03 

1.52 

V 




.49 




.34 


ences for the Adopteds are reliable. Reversal of direc¬ 
tion might occur in another population; while in the 
Control population the differences between the two 
highest groups and every other group are clear and de¬ 
pendable. The probability of a difference in the same 
direction between the middle and the lowest level is 
greater for the Controls than the probability of the 
recurrence of any single difference in the Adopted pop¬ 
ulation, Clearly, environment as typified by occu¬ 
pational status does not compensate for the absence of 
blood relationship between parent and child. 

The foregoing observations take on added signifi¬ 
cance when the environmental status scores of the suc¬ 
cessive occupational levels are studied. We note that 
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in both populations environmental status score in¬ 
creases with occupation and further that the magnitude 
of each successive diflfercnce is more than 2.6 times its 
standard error (Table 14). It should also be noted 

table 14 

Comparative Analysis or the Prodadility of Differences in 
Environmental Status Scores Expressed dy 
Continuing in the Same Direction as in the 
Experimental Homes Classified Accord¬ 
ing TO Father’s Occupation 


OccupGlional 
groups n 

Acloniivc homcB 

in V vi&vn 

11 

Control liomcB 

III V VlBcVH 

I 3,02 

9.12 16.40 

16.70 

2.96 

9.19 

14.32 

19.41 

II 

4.S3 9.74 

11.02 


6.65 

11.17 

16.41 

III 

5.63 

7.40 



3.13 

7.65 

V 


2.61 




4.79 


that at all levels the mean score of the Adoptive homes 
is higher than that of Control homes. If intelligence 
progresses with environment independently of heredity 
then as great increases in IQ should be expected in the 
Adopted group as in the Control group. 

Considering teat intelligence and vocabulary scores 
of parents, measures which may be more reflective of 
innate capacity than environmental status score, the 
same tendency of progression with occupation is noted 
for both Adoptive and Control parents. (Table IS). 
In the case of Control parents the occupational levels 
appear about equally spaced in respect to test intelli¬ 
gence and vocabulary scores. In the Adoptives the 
two lowest levels are undifferentiated in score as are 
also the two highest. Yet both extremes are equally 
spaced from the middle occupational group and at a 
greater distance than the Controls, If the dynamic 
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quality of the environment is in proportion to the intel¬ 
lectual level of the parents, then one would conclude 
that the Adoptive and Control homes are similar in 
stimulation potential. The difference, however, in in¬ 
telligence of Adoptive children is only 1 IQ point in 
either direction, while the difference for the Control 
children is 5.8 points between occupational groups III 
and V and 10.7 points between groups III and II. 
The failure of Adopted children to attain levels of 
intelligence corresponding more exactly to those of the 
Control group would appear to be due to a factor or 
factors other than environment. 

When the. most stimulating environment was arbi¬ 
trarily defined to exist in those homes that possessed 
all of the environmental traits at a level beyond 1 SD 

TABLE 15 

Comparative Analysis of Adoptive and Control Mid-Parent 
Scores on the Otis Test of Mental Ability and the 
S.B, Vocabulary Test, Classified According 
TO Occupational Status 


Occupational 

group 

Adoptive 
Otis Teat 

M S.D. 

parents 

S3. 

M 

Vocab, 

S.D, 

Control 
Otia Test 

M S.D. 

parents 

S.B, Vocab, 
M S.D. 

I 

59.6 

a.o 

74.0 

6.4 

64.6 

5.4 

H.9 

7.B 

11 

S9-6 

6.7 

73.4 

7,2 

57.1 

10.0 

67.B 

9.3 

lU 

^9.6 

11-9 

64.6 

11,4 

51.8 

11.5 

62,0 

9.3 

IV 

— 

— 

— 

— 

— 

— 

— 

— 

V 

39-7 

12.3 

59.1 

11.6 

44.0 

11.5 

55.7 

9.6 

VJ & VII 

3B.4 

11.2 

54.5 

9.2 

39.3 

9.0 

4B,7 

9.1 


of the mean of the entire group, very interesting con¬ 
trasts in mean IQ of the children of these homes ap¬ 
pear. The seven Adopted children found in such 
homes had a mean IQ of I13.3±6.0. The eight Con¬ 
trols who were so located had a mean IQ of I27.5±9.5, 
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These Controls nre 17.8 IQ increments above the mean 
(109.7) of their entire group; the Adopteds so classi¬ 
fied are only 2,8 I.Q. points in advance of their mean 
(110,5). Despite the small number of cases involved, 
the ratio of the difference in IQ of these selected chil¬ 
dren to its standard error is 3.52, When the definition 
is reversed for the least stimulating environment, i.e., 
the homes located below minus 1 SD for every trait, 
no cases were found. 

If we widen our definition of a stimulating environ- 
inent so as to include the homes that were at the mean 
and above for every trait, 58 Adopted and 52 Control 
children are found. Here again the Control children 
surpass the Adopteds. The mean for the Controls is 
]19.4±14.9, for the Adopteds 112..3:±:I0.8. The ratio 
of the mean difference to its standard error is 2,8. 
Hence, irrespective of attempts to equalize environ¬ 
ments, the Controls from the upper levels are distinctly 
superior in intelligence to the Adopted children at the 
same levels, 

When the children in the least stimulating environ¬ 
ment (defining the latter to include the homes that 
score below the mean on every trait) are considered as 
a group the Adopteds secure a mean IQ of 106.0± 10,2, 
the Controls 99,5±10.9. Although the numbers in¬ 
volved in this analysis are relatively small, 11 Adopteds 
and 16 Controls and the ratio of the mean difference 
to its standard error is only 1.5, the results are consis¬ 
tent with the comparisons made on the basis of occupa¬ 
tion. Whether tlie impact of a poor environment is 
responsible for the lowered IQ is, of course, probJeina- 



NATURE-NURTURB AND INTELLIGENCE 


291 


tic. Note that the Adopteds fall 4.5 IQ points below 
the mean of their entire group, while the Controls drop 
10.2 points below the mean of their group. If environ¬ 
ment is dominant one would expect the same amount 
of depression in IQ for both groups. It should also be 
noted that the difference between Control children of 
the upper and lower environmental levels as defined 
above is 19.9 IQ points. The difference in the case 
of the Adopteds is 6.3. 

What is the explanation of the difference in IQ with 
variation in environment in these two sets of children? 
The marked similarity of the children in age, school 
grade, and mean IQ will be recalled. Similarity in 
other respects, also, exists. Vocabulary and IQ cor¬ 
relate .64 for Adopteds; 63 for Controls; Woodworth- 
Mathew scores of emotional stability and IQ correlate 
.02 for Adopteds, .06 for Controls. To what extent our 
results may be due to personality factors of which we 
have no measure it is impossible to say. We have no 
reason to believe that such attributes as self-confidence, 
industry, “drive" or their converse are differently dis¬ 
tributed in the two groups of children. Nor have we 
any reason to believe that the emotional environment 
provided by the parents of the Control children is more 
stimulating than that provided by Adoptive parents. 
To the extent that coefficients of assortative mating 
(Table 16) are an index to qualitative factors in the 
home influencing the child’s response to his environ¬ 
ment there are no differences in our two sets of homes. 

If selective placement is entirely absent in the 
Adopted population, variation in environment may be 
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TABLE 16 

COGFFICIBNTj FOR AsSOHTATIVB MaTINQ 


Adaptive parcnii ConirDl parehii 

r P.E, N r P.E, N 


Height 

.26 

,05 

17B 

.27 

.05 

146 

Education 

.59 

.03 

J92 

,71 

.02 

195 

Faiher^i occupailon anti 
mother'i education 

.58 

.03 

192 

. 6 + 

.03 

194 

Olio BCorc 

.57 

.03 

177 

.41 

.04 

173 

VocAbulary 

.61 

.03 

174 

.43 

.04 

164 


said to be accountable for changes in IQ to the magni¬ 
tude of about plus or minus S to 5 points. If, as previ¬ 
ously stated, adoptive parents in the higher occupa¬ 
tional, educational, and social levels secure children of 
greater promise than the adoptive parents in the lower 
levels, then the observed differences are clearly a func¬ 
tion of genetic diversity rather than a function of envi¬ 
ronmental variation. Evidence relative to selective 
placement will be presented in the following section. 



VII 

Validity of Results 

The confidence that can be placed in our results is 
dependent on: (1) the freedom of the data from con¬ 
stant errors of selection, (2) the soundness of our 
method, (3) the support available in supplementary 
evidence, (4) the absence of selective placement. 

Selection 

Inferences as to the existence of constant errors of 
selection may be made if on the analysis of the homes 
that refused to cooperate the presence of characteristics 
which would have definitely changed our results are 
discovered. Lower correlations between child’s intel¬ 
ligence and environmental attributes would have been 
found if the refusals were for the most part from homes 
in which the child’s mentality was widely separated 
from the cultural level of the home and conversely, 
higher correlations would result if the refusals were 
from homes in which the child's ability was in close 
agreement to the cultural level of the home. We have 
no reason to believe that either of these conditions pre¬ 
vailed. Information as to the school grade of 34 of the 
37 refusals showed 29 at grade for age, 3 accelerated 
and 2 retarded. Further, judging from the occupa¬ 
tional classification of the adoptive fathers, the chil¬ 
dren were fairly evenly distributed in all levels. In 
occupational group I the number of refusals was 6, 10 
in II, 10 in III, 10 in V, 1 in VI and VII- Only 3 adop¬ 
tive parents stated that they were unwilling to have 
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their child given a mental examination, and 2 of these 
parents declared their opposition to be a matter of re¬ 
ligious conviction. Irrespective of the genesis of their 
excuse, the total number refusing on the basis of antipa¬ 
thy to a mental test is insignificant. Fear that the 
knowledge of adoption would reach the child and the 
fact that the child was sensitive about being adopted 
were the two most frequently given explanations for 
refusing cooperation. We have no evidence that either 
are related to the intelligence of the child or the cul¬ 
tural level of the home. Emotional upsets because of 
adoption seem probable when the age of the children 
in homes refusing cooperation is considered. On the 
average the children of these homes were one and a 
half years older (age I0.9d=2.4) than the experimental 
children. In general, there seems little evidence that 
the coefficients of resemblance between adoptive par¬ 
ents and children were affected by our refusals. 

Although, as will be recalled, the application of 
Pearson's formula corrected our curtailed variability 
and made the coefficients of resemblance for the 
Adopted children exactly comparable with those for 
the Control children, we are still confronted with the 
question of whether the variability in the entire uni¬ 
verse (dependent adopted children) would be greater 
or less than that observed. Is our experimental popu¬ 
lation typical of the intellectual ability of adopted 
children? Is there anything in the data that would 
force the average level below or above that of de¬ 
pendent children in general? Comparing family back¬ 
grounds (Tables 17 and 18) from evidence of occiipa- 
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TABLE 17 

Comparative Analysis or the Occupational Distribution of 
True Parents of Adopted Children 

True fathers True mothers 

Males in 

General Experimerital gen*l General Experimental 
Occupational group’ group Pop. age 20-24 groups group 

group N—1323 N—89 N^, 121. 914 N—1308 N—B9 


I 

2>1 

1.1 

1,7 

0.4 

0.0 

II 

4.5 

2.2 

2.4 

4,0 

9.0 

III 

18,1 

27.0 

14.1 

8.7 

15.7 

IV 

9,0 

12.4 

9-8 



V 

35.8 

23,6 

32.0 

2S.8 

31.5 

VI & VII 

30.5 

33.7 

40.0 

61.1 

43.B 


*Froni Leahy (6, pp, 3l4j 324)* 


TABLE 18 

Comparative Analysis of the Educational Attainment of 
True Mothers of Adopted Children 


School ailainment 

General group 

True mothers 
Experimental group 


N—121B* 

N—96 

Completed high bcUoqI or more 

16,1 

21,9 

High school not completed 

26.9 

23.9 

Less than high school 

56,9 

54.1 


*From Lcaliy (S, pp. 307). 


tion and education of parents with that of a larger sam¬ 
ple of parents whose children were adopted leads one 
to the conclusion that the congenital level of the off¬ 
spring of parents represented in our study would be 
similar to that of all adopted illegitimate children. 
It is possible that the true fathers and mothers whose 
occupation and education are unicnown would either 
raise or depress the level of the group. However, the 
mean IQ of the children whose true father’s occupation 
is known is 110.9, only .4 in advance of the mean of 
the entire experimental population. When the group 
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for whom either true parent’s education or occupation 
is known are regarded separately, the mean IQ of the 
children is 110,8=t:12,5, Foundlings and children for 
whom the social agency had no family history, com¬ 
prising a group of 48, have a mean IQ of 109.9=hl2,3, 
Hence, we may infer a similarity in occupational and 
educational level for the parents for whom we have no 
history. 

The distortion of average IQ of adopted illegitimate 
children is most probably due to the fact of selected 
heredity. Illegitimate children who arc not relin¬ 
quished for adoption have in contrast an inferior social 
background (Leahy, 6). Further, as previously stated, 
laws which have been in force since 1925 in Minnesota 
' do not permit the adoption of infants of parents known 
to be feebleminded. Since 1918, a trial period of six 
months’ residence in the new home before legal adop¬ 
tion has been mandatory. Such policies doubtless raise 
the average level and reduce the range of intelligence 
of children who are placed in adoptive homes. It seems 
fair to conclude that our experimental children are 
no more or less variable in intelligence than adopted 
illegitimate children in general. The fact of innate 
positive skewness in intelligence should not prevent or 
diminish the operation of the influence of environment 
on intelligence. If environment is prepotent we should 
find significant variability in intelligence with varia¬ 
bility in environment. 

Method 

Only insofar as our method can be demonstrated to 
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have avoided ambiguities, to have insured accuracy, 
and to have provided a check upon the reliability of 
our measures may we have confidence in our results. 
The first of these was fulfilled by the criteria held for 
experimental subjects. You will recall that every pre¬ 
caution was taken to escape ambiguities arising from 
selective mental resemblance between adoptive parent 
and child. Age at placement, race, and nationality 
extraction were rigidly controlled. 

In order to insure accuracy uniform procedures were 
adhered to in gathering the social data, in the adminis¬ 
tration of tests, in scoring tests, and iu analyzing the 
data. As previously ’reported two experienced ex¬ 
aminers whose training and experience were practi¬ 
cally identical administered all of the children’s tests. 
All tests were rescored. All classifications and statisti¬ 
cal computations of a major nature were done on the 
Hollerith Sorting and Tabulating Machine. Compu¬ 
tations involving the use of calculating machines were 
systematically checked. A check upon the reliability 
of our measures, as well as on the whole experimental 
procedure, was provided by the Control group. Since 
these children agreed exactly in number, age, and sex 
with the experimental subjects, we have reason to be¬ 
lieve that our tests and measures reflect the true ability 
of both groups with equal accuracy. The extent to 
which Control homes were truly a control is attested 
by the marked agreement of the two sets of homes 
(adopted and control) for each environmental attri¬ 
bute that wc attempted to measure. Hence, we may 
conclude that the results from the Adoptive and Con¬ 
trol groups furnish a valid comparison. 
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SUPl'LEMliNTARY I3ATA 

If environment is dominant we should expect that 
unrelated children in the same household would agree 
markedly in ability. The contrary was found as may 
be seen by the following: 


IQ of Exper. Adopteds 

r 

PE 

N 

and Own Children 

IQ of Unrelated Adopteds 

.06 

.14 

25 

in Same Household 

Vocab. of Exper. Adopteds 

,12 

.22 

10 

and Own Children 

.06 

.13 

25 


Although the number of cases is small the results sug¬ 
gest that the children are widely different in intellec¬ 
tual ability, regardless of their common environment. 

In 20 cases of own children of Adoptive parents, IQ 
of own child and mid-parent Otis correlated .36. This 
correlation follows the expected familial pattern. 

Although our single measure of the emotional sta¬ 
bility of the children is probably not sufficiently re¬ 
liable to permit any conclusions about personality dif¬ 
ferences, the similarity in the relationship between 
Woodworth-Mathews' scores and home environment 
for both groups of children is striking. As indicated 
below, Woodworth-Mathews’ scores correlate; 

.10 for Adopteds, .13 for Controls with mid-parent 
Otis Score 

—.04 for Adopteds, .07 for Controls with mid-parent 
Vocabulary 

.06 for Adopteds, ,13 for Controls with Cultural in¬ 
dex of home 
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.11 for Adopteds, .18 for Controls with Child Train¬ 
ing Index of home 

—,04- for Adopteds, .07 for Controls with Occupation 
of father. 

Clearly the fact of either blood relationship to persons 
shaping the environment or its absence makes no dif¬ 
ference. Adopted children, where presumably only 
environment is operative, behave in a manner similar 
to own children where both heredity and environ¬ 
ment are operative. These results are in distinct con¬ 
trast to our observations on the relationship of intelli¬ 
gence to home environment. They are based on the 
tests of 72 Adopteds and 77 Controls and give support 
to the theory that heredity plays a less significant role 
than environment in the variation observed for traits 
other than intelligence 


TABLE 19 

Woodworth-Mathews Scores According to Occupational 

Status 


Occupation 


Adopted children 


Control children 


of father 

N 

M 

S,D. 

N 

M 

S.D, 

1 

16 

59.3 

6.8 

U 

63.1 

4.0 

II 

9 

54.8 

9,7 

14 

61.1 

6.0 

III 

IV 

V 

17 

59.7 

7.5 

19 

61.1 

5,2 

23 

58.8 

7.9 

25 

62.5 

S.7 

VI k VII 

7 

60.4 

6.7 

8 

59.3 

8.6 


Table 19 demonstrates the similarity in performance 
on the Woodworth-Mathews when the children are 
classified according to the occupation of their fathers. 
The cross differences are slight; none are significant. 
Further, it should be noted that there is no significant 
progression in score with occupational status in either 
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group. This is directly contrary to our observations 
for test intelligence of children and occupational status 
of father. As may be seen by referring to Table 12, 
although Adopted children did not progress signifi¬ 
cantly in IQ with occupational status, the Control chil¬ 
dren made significantly large gains in IQ when com¬ 
parisons AVere made between the two lowest and middle 
occupational groups and when the latter was contrasted 
with the two highest levels. 

Selective Placement 

The extent to which our results are free from selec¬ 
tive placement of children on the basis of cultural simi¬ 
larity between adoptive and true parents determines 
the limits of the influence of environment on intelli¬ 
gence. If selective placement is entirely absent, then 
our results stand as evidence of the maximum influence 
of environment. If selective placement exists then our 
results overstate the influence of environment on intel¬ 
ligence. 

In Table 20 the relationships of cultural background 
of true and adoptive parents are shown, All of the co¬ 
efficients are low. Only three are reliable. The ma¬ 
jority, however, are positive. In general, they offer 
weak evidence for selective placement in our data. 
Nevertheless, further analysis was applied for an ap¬ 
praisal of the point. 

One check involved an analysis of the replies of 22 
placement workers to a questionnaire which asked the 
importance of certain attributes in judging the fitness 
of a child for a home. Most of the workers who an- 
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TABLE 20 


Factors in Adoptive Home Correlated with Factors in the 
Background of Child as Reported by Social Agency 



True 

father’s 

True 

mother's 

True 

mother's 


occupation 

occupation 

education 



>* 

P.E. 

N 

r 

P.E. 

N 


P.E. 

N 

Adoptive father's occupation 

.09 

.07 

&9 

.20 

,07 

89 

.23 

.06 

96 

Adoptive father’s ctlucation 

.z+ 

.07 

HB 

.21 

.07 

KB 

,20 

,07 

95 

Adoptive mother’s education 
Adoptive mid-paient Otia 

.10 

.07 


,3B 

.06 

8S 

.25 

,07 

94 

score 

.11 

.07 

79 

.12 

.07 

83 

.20 

.07 

B9 

Adoptive mid-parent 
vocabulary test 

Social status of 

^.02 

M 

76 

,07 

.07 

79 

.08 

,07 

86 

adoptive home 

.20 

.07 

B9 

.29 

.06 

89 

.23 

.06 

96 


swered the questionnaire had been engaged in child 
placing in Minnesota during the period from which 
our cases were drawn. Eighteen of the 22 regarded 
probable intelligence of child as of very great impor¬ 
tance. The group, however, was evenly divided on 
the significance of education and occupation of true 
parents in judging probable intelligence of child. 
Eleven regarded education of true mother of slight or 
moderate importance and 11 held it to be of great or 
very great importance. The ratings for education of 
true father followed the same pattern, The judgments 
on the significance of occupation of true parents were 
similarly divided. Obviously if these placement 
workers behave in accordance with their replies the 
possibility of selective placement in a group of adopted 
children on the basis of education and occupation of 
true parents is nil. 

The second check consisted in holding background 
constant in the correlation between child’s IQ and 
adoptive home. This, clearly, is the crucial test. Time 
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permitted the analysis for only a limited number of 
traits of the adoptive home. The traits selected, how¬ 
ever, and presented in Tabic 21, arc the most generally 

TAHLE 21 

Comparative Correlations nRxwEEN Child's IQ and Adoptive 

Home 

Zero orilcr r 
J)uck|;rruiiiuJ faclor bnckground 
licUl cntulniU nut cajiatant 
True True True 

motlicr^a mollicr'a 

occupniion accupsilion ctUicnlion Entire 
N—N—-89 N--96 group 


Adoptive fothcr'a occupation 

.18 

.03 


.12 

Adoptive father's education 

,12 

.13 

—.02 

.16 

Adoptive mother's cducniioii 

.18 

,16 

,13 

.21 

Adoptive mid-porctu Otis ucarc 


,10 

,09 

.18 

Adoptive liamc environment icore 

.19 

.16 

-02 

.19 


used indices of environment; namely, occupation, edu¬ 
cation, test intelligence of parents, and home rating. 

An examination of this table shoAvs tliat the cor¬ 
relations between child's IQ and attributes in the adop¬ 
tive home are not greatly different from those for the 
entire group except when true mother’s education is 
held constant. Then the correlations drop for each 
correlated factor. What may we infer? Clearly, for 
the populations involved, true mother’s education ap¬ 
pears to be a basis of selective resemblance between 
the adoptive home and its child, while true patent's 
occupation does not. Whether the population for 
whom no background history is available Avould sup¬ 
port or refute these findings is problematic. Certainly 
the correlations reported in Table 11 may be regarded 
as no understatement of the relationship between 
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chilli's IQ and home environment. From evidence of 
fafflilf background reported by adoptive parents on SO 
of our cases, mental resemblance due to selective cul¬ 
tural likeness seems highly probable and therefore out 
correlations for child's IQ and environment tend to 
overstate the influence of nurture. Because of the pos¬ 
sibility of retrospective falsification in reports of this 
kind, these data may be ignored and the correlation of 
,20 be regarded as a general characterization of the re¬ 
lationship of child's IQ and environment. 
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CONCLUSIONS 

By methods which allowed the clTects of environ¬ 
ment to be studied separately from those of heredity 
in combination with environment, this study attempted 
to discover the influence of environment and heredity 
on intellectual variation. As stated in the opening sec¬ 
tion, the tendencies observed in this study are valid 
only for populations which are similar to the experi¬ 
mental population in composition. However, the con¬ 
sistency with whicli a coeflicient of .50 was secured for 
parent and offspring suggests that the restricted range 
in both the hereditary and environmental variables was 
reciprocal and hence no serious distortion in our results 
exists. The main conclusions arc as follows: 

1. Variation in IQ is accounted for by variation in 
home environment to the extent of not more than 4 per 
cent; 96 per cent of the variation is accounted for by 
other factors. 

2. Measurable environment does not shift the IQ 
by more than 3 to 5 points above or below the value it 
would have had under normal environmental condi¬ 
tions. 

3. The nature or hereditary component in intelli¬ 
gence causes greater variation than docs environment. 
When nature and nurture are operative, shifts in IQ 
as great as 20 IQ points are observed with shifts in the 
cultural level of the home and neighborhood. 
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4. Variation in the personality traits itieasured in 
this study other than that of intelligence appears to be 
accounted for less by variation in heredity than by 
variation in environment, 
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LA NATURE-LE MILIEU ET L’INTELLIGENCE 
(Resume) 

All mojen comparaison d'un groups d'ejifants adoples avec de vrais 
enfpnts yivant dans un milieu approximativement pareil, qui a permls que 
Ics elfets du milieu soieut ^tudi^s sipnrement de ceux de I'herddke en com- 
binaipon arec le milieu, cette ^tiide a eesay^ de d^coiivrii' I'inllLiBnce du 
milieu et de I’hkedit^ euv la variation intellectuelle. Lcs tcndancea observ^ea 
dans Cette itude sont de valeur settlement pour Ics populations qui sont d'une 
composition pareilie h celle de la populstion expdrimentale. Cependant, la 
Constance avec Inquelle on a obtenu un coefficient de 0,50 pour Ic parent 
et I'enfant suggere que la variation restreinte dans les variables hcr^itaires 
et cellcs du milieu a dtd rkiproque ct il n’existe ainsi nulle distorsion 
serieuse dans nos resultats. Les conclusions principales sont les suivantes; 

1. La variation dans le QI est expliquee par la variation dans le milieu 
de la maison de non plus de quatre pour cent; 9fi pour cent de la variation 
est expiiqil^ par d'autres facteuis. 

2. Le milieu mesurable ne change Ic QI que de 3 a 4 points au-dessiis 
DU au-dcssous de la valeur qu'il aurait eue dans les conditions normales du 
milieu. 

], La composante de nature ou h^r^ditaire dans I'intelllgence cause une 
plus grande variation que celle causce par le milieu. Quand la nature et 
le milieu sont operntifs, des changements du QI aussi grands que 20 points 
du QI sont observes avec des changements dans le niveau de culture dc la 
maison et du voisinage. 

4. La variation dans les traits de personnalltc mcsiirds dans cette etude 
autres que celle de I'intelligcnce semble'etrc expliquee moins par la variation 
dans I'hkMite que par la variation dans le milieu. 


Leahy. 
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VERERBUNG, UMGEIHING UNI) INTELLIGENZ 
(Rcfcrai) 

Durcli cincn VcfRlcich cincr Griippc von adopiicricn Kindcrn mil iindercn 
Kiiidern ia unKfifillir demflbcn UinRtbuni?, der dic UnicrJiiichiing det 
Wirkiinficn dcr UmgduinR RCBondcrt voii dcnieiiiRtii der Vcrerbung In 
VcrbinduiiK mil der Umuciuiiig cniiiJRlichu, wiirdc in diescr Unicraucliiinii 
dcr Vcrsiich Remocht, den Einllua* dcr UiiiKeliung nnj VercrbuiiR aiif in- 
tellcldilEllc AbwcicluinK aufztidcckeil. Die Ergebnisoc diescr UrtersiichanE 
sitid giillig niir fiir Gnippcn, wdebe dcr cxpcrimcntcllcii (Jnippc Slmlldi 
flind. Die GlcIcliformiRkcii alter, mil dcr clii Kocflizicni von 0,50 fiir Elicrn 
iind Nnchkommenaclufi erliallea wurdc, weisl darniif bin, dasg dcr 
beschrankte Umfnng iici den UmRdmnKS- and VcrcrbunRsvarjablen weehseb 
seliig waren und foiglicli keine Vcrslcilung iinaercr Ergcbiusac nuhveisen. 
Die Hnupiscidiissc sind folgcndci 

1, Eine Viiriniion dcs IQ ivitd dutch die Vnriaiion dcr Hcinnimgcbung 
bis zum Umfang von mdir als d I’rozcnt crkllirl| 96 Prflzcnt dcr Varinllon 
wird diirch anderc Fahiorcii erkliirli 

2, Die messbare UmRcbunR vcrdiidcri den IQ uiciit nicbr als 5 bis 5 
Pnnklc ijber odcr nnicr deni Wen, den er sonsi iinicr normiilcn UmgcbiuiE- 
siiinsiilndcn baben wiirdc. 

3, Die Naiur- odcr VercrbiinRekoinitaneiile bel dcr InlciliRcnz verursneht 
cine grosscre Vnriniion nis die UmRcbimg, Weiin Vererbung iind Uinge- 
bung iHtig sind, werden VcrscbiebimRcii dcs IQ so gross wie 20 IQ-Punliie 
mil Vcrscliiebiingcn dcr Kullurachichlcn dcs Heims und dcr Nnciibarscbiifl 
beobiiclilei, 

4, Die Vorlntion dcs Pcrsiinliclikcilszugcs nuascr dcr Iniclligcnz, dcr in 
dicscr UntccBUChung gcinessen wurde, iclicint vreniger diirch die Vnriniion 
der Vererbiing als durcb die Vnriniion der Umgcbimg crklUrt zu werden, 


LoAiir, 
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I 

INTRODUCTION 

This report is concerned primarily with the intelli¬ 
gence and secondarily with the personality and conduct 
of an unselected group of 103 epileptic children ad¬ 
mitted to the Children’s Hospital, Los Angeles, Cali¬ 
fornia, and referred to the Psychological Clinic for 
study.^ 

The Department of Psychology of the University of 
California at Los Angeles has conducted a psychologi¬ 
cal service clinic at the Children’s Hospital since 1925. 
During that time examinations have been made of more 
than 900 cases referred for various problems and suf¬ 
fering from a variety of physical diseases or disabili¬ 
ties. The psychological examination has been a part 
of the medical service, or in cases referred for psycho¬ 
logical and educational service, has been supplemented 
by medical examination. Results having research 
value have accumulated and this and other reports to 
follow will present the study of accumulated data. 

^This study was made possible by the friendly cooperation of the 
hospital staff, and particularly the following persons i Doctors How¬ 
ard Coodcr, Barnett Lipson, J. M. Nielsen, Samuel Ingham, and 
Helen Hopkins, 
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II 

DESCRIPTION OF CASES STUDIED 
Aqk, Sex, Race, and Physical Facts 

The group su/Tcring from epilepsy included all the 
cases of this type examined by ns. The Hospital does 
not accept cases of children over twelve years of age 
except ■when follow-up of their own, cases is required. 
The study is therefore concerned predominantly with 
a group of younger children. Tables 1, 2, and 3, which 
follow, give the age, sex, and race of the epileptic 
group. 

TABLE I 

Shx op Cases Siudibu 


Malen 

C3 

Fcmnlee 

40 

Totnl 

103 


TABLE 2 

Raci! of Cases Studied 


lyhlti 

Amcrlcnn Non-Jcwifili 

72 


American Jewish 

7 


Mexican 

19 


Armenian 

1 


Italian 

i 



2 

Negro 


1 


Toinl 

103 
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TABLE 3 

Chronological Ages of Cases Studied* 



Age in years 



Number of caaea 


14 



1 


13 



1 


12 



B 


11 



11 


10 



10 


9 



12 


B 



6 


7 



13 


6 



10 


S 



5 


4 



16 


3 



5 





S 


Total 



103 

Mean of 

group; 7 years 


months 


Median; 

7 years 

4 

mojitha 


Qb 

10 years 

0 

months 


Qx 

4 years 

6 

months 


Kange 

1 year 

10 months to 

14 years 9 months 


*Age5 i-eported are computed at time of Arst psychological examination. 
**Two years = interval 1 year 6 months to 2 years S months, etc, 


We have investigated the distribution of intelligence 
of these children and have sought to discover what re¬ 
lationships, if any, exist between intelligence and such 
factors in epilepsy as causation, severity, age at onset, 
duration, and cessation of attacks. We have also 
sought to discover whether or not there exist modes of 
behavior which might be described as typical of epi¬ 
leptic children. 

Epilepsy* may be defined as “the sudden and re- 

^For a general discussion of epilepsyj see Lennox and Cobb (17, 
pp. 105-290). These authors state that "Little is really known of 
the neurological mechanism involved in an epileptic seizure" (p. 
129). They state four theories of the neurological mechanisms of 
convulsions; (1) the "irritation” theory, (2) the "release" theory, 
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peated appearance of seizures of which convulsive 
movcmenls or Joss of consciousness, or both, are the 
principal elements" (Cobb, 3, p. 1245), It is a phe¬ 
nomenon of varying causation as observed clinically. 
Cobb (3, pp. 1245-1263), for example, gives 56 clini¬ 
cal causes of convulsions, and postulates 13 physio¬ 
logical mechanisms to explain their occurrence. The 
incidence of epilepsy in the whole population has 
never been adequately established. Malzberg (18, p, 
97 f.), after reviewing various statistical sources, states 
that approximately five epileptics per 1000 general 
population is a fair estimate, Likewise the sex ratio 
of epilepsy is undetermined.® The greater frequency 
of male to female cases in institutions may reflect not 
the actual incidence but the extent to which institu¬ 
tional provision has been required (30, p, 658). Our 
data bears inconclusively upon the question of sex ratio 
of epilepsy. The 103 cases, with which this report is 
concerned, are divided into 63 boys and 40 girls. This 
shows a decided numerical superiority of males. In 
order to pursue this point it is necessary to know the sex 
ratio of all cases admitted as out-patients or in-patients 
to Children's Hospital for the approximately cor¬ 
responding period of years. This comparison is given 
in Table 4 which shows a larger proportion of males 


(3) the "short-circuit" theory, and (4) the "explosive" theory (pp. 
111-130). Cobb (3, p. 1247) suggests the existence of soiuc con¬ 
stitutional factor in persons who (Icvclop epilepsy, Penneld and 
Gage (29, pp. 709-727) have described tile cerebral localis^atlons of 
epileptic manifestations in 73 cases of focal epilepsy, 

®For a discussion of tlic sex ratio in epilepsy, sec Pollock (30, p. 
658). 
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TABLE 4 
Sex Relationship 



Percentage 

males 

Percentage 

females 

Total hospital population (new cases) 
Sl,4IiJ cases, 1930-34 

54-2 

45 .B 

Epileptic fiToup 

5J.2 


103 cases 




in the epileptic group than in the general population 
of the new cases admitted to the Children’s Hospital. 

Causation or Epilepsy in Cases Studied 

With reference to causation, epilepsy is divided into 
organic (or symptomatic) and idiopathic (or essen¬ 
tial) epilepsy, Table 5 summarizes the data on causa¬ 
tion in our cases.* 


TABLE 5 
Causation 


Cause 

Number of cases 

Organic 

(i?) De/itiite 

17 

\h) Questionable 

IS 

Idiopathic**^ 

(rt) Undifferentiated 

53 

(b) Psychogenic 

2 

No cause given 

16 

Total 

103 


*One case Included in our data as idiopathic aubaequently dev^iloped facul 
symptoms. At operation a deep left parietal tumor was found. 


Comparison of causation of epilepsy of our group with an insti¬ 
tutional group (Craig Colony, New York) follows. Of the 356 
first admissions to the Craig Colony for the year ending June 30, 
1933, 39, S per cent were das si fie d as symptomatic or organic, and 
60-2 per cent as idiopathic. The corresponding percentages in the 
previous year were 47.7 per cent and 52.3 per cent, respectively 
(23, p. 335). 
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Table 6 subclassifics the eases with organic etiology ’ 
(definite and questionable). 


I'AULK 6 

CLASSIFtCATION OF OhOANIC CaUSIIS* 

Nil mil cr 


Definilc 

Jiickftnnian** 5 

Ccrcbml hirih injury _ + 

rout natal ccrcbrul injury 3 

Enccphnlhis 2 

Enccplialiiis and pneumonia 1 

CangcniLal sypJiilis 1 

OrRnnic (wUlmui descrlpiion ) I 

Questionable 

Cerebral birlb injury 7 

Post natal cerebral injury Z 

Eiiecpbalitiii 6 

Hydroccphaluii 2 

Fever 1 

Organic (without dencriptiun) 1 


^Causuliofi is rccorileil from the LlinHiniHlie fUnicjneni of the iicuroloeiat 
cxnminlntf case. The apparent diacrepnney in the loinl number of Llic quea- 
tioimbly organic cnscB in Tabled 5 nad 6 is due lo the li»iiiig of multiple 
cAiiBAtion in Table 6 . 

**Sftrgcnt (32, p. 321) debnes a JnchAoninn conviihinn ns “Merely n 
series of fraclionol movements, devoid of purpONe, and determined in point 
of sequence only by the rclqtjve nnalomicD) position of the cortical areas 
in which they ere Tcpreacnled/' Of 270 cases of brain mmor, excluaive 
of cerebellar and pituitary cafles, upon which h'nrgcnl operated, 30 per 
cent cxliibitej Jacksonian convtilsiona (32, p, 226). 


Two of our idiopathic eases (Table S) arc described 
as psychogenic. Comparing our cases with institu¬ 
tional cases (Craig Colony), for the year ended July 
1, 1925, of 225 admissions, live reported a psychogenic 
etiology (20, p. 10), and for the year ended June 30, 
1933, of 356 first admissions, two reported psychogenic 
factors (23, p. 335). The small incidence of psycho¬ 
genic epilepsy in our group is in agreement with the 
findings of Craig Colony. Cookson (4, p. 185) says 
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that "the psychogenic conception will probably only 
be the explanation in a small number of cases, and 
would seem to have its most limited application in 
children, in whom the ‘adjustment demand' is not like¬ 
ly to be so intolerable as to produce convulsions," 

One of our definitely organic cases (Table 6) had its 
causation in congenital syphilis. The low incidence 
of syphilis in the production of epilepsy has been noted 
by Patterson (27, p. 66) who reported that of 2240 
blood Wasserman tests done on epileptics at the Craig 
Colony Laboratory, only 40 (or about 1.8 per cent) 
gave a plus four reaction. Patterson concludes that 
the occurrence of syphilis among epileptics does not 
seem to exceed that in the general population. Syphi¬ 
lis, then, appears to be a relatively infrequent cause of 
epilepsy and of mental deficiency, whereas it is a fre¬ 
quent cause of insanity. 

Seven of our cases (Table 6) received a definite 
diagnosis of cerebral injury, of which four occurred 
at birth and three post-natally. In addition nine other 
cases received a questionable diagnosis of cerebral in¬ 
jury, seven occurring at birth and two post-natally. 
Cerebral injury, natal and post-natal, plays an impor¬ 
tant role in the production of epilepsy as well as in 
mental deficiency, Gowers (14, p. 123) as early as 
1881 cited cerebral birth injury as a cause of epilepsy. 
Twenty-eight cases of a total of 225 admitted to the 
Craig Colony during the year ended July 1, 1925, were 
given an etiological classification of head trauma, of 
which seven cases occurred at birth (20, p. 10). Shana¬ 
han (33, p, 38) reported that of 1500 admissions of 



320 


E. n. SUbtlVAN AND L. GAHAtiAN 


all ages to Craig Colonyj 8 per cent gave a history of 
trauma at birth or shortly after. RosanolT, Handy, and 
RosanofF (31, p. 1172) state that "the relationship of 
epilepsy existing from birth or from an early age, to 
mental deficiency and to Little’s disease suggests a 
common etiological factor for the three conditions, 
namely, trauma at birth." Myerson (1, p. 36) says 
that “even though we have reached no definite conclu¬ 
sion as to the mechanism of epilepsy, it is definitely 
realized that brain injury plays a larger role than we 
though t." 

The significance of post-natal head injury in the 
production of epilepsy is vs'cll indicated in the report 
of Sargent (32, pp. 322-323), who states that of 18,000 
individuals who had suffered gunshot wound in the 
head and who were examined by Ke-survey boards of 
the Ministry of Pensions, nearly 4.5 per cent were sub¬ 
ject to epileptic convulsions.'' "Seeing, however, that 
only a very small number of patients with anchored 
brain develop epilepsy, it is obvious that the local 
lesion is but one of the links in the etiological chain" 

“Stevensoa (34, pp, 214-22+) reviews the litcriUiiic on the rela¬ 
tion of post-niital hend injury aiul epilepsy. The frequency of 
epilepsy followinE head injury as reported by Sariiciit, we may re¬ 
gard as conservative. This is in view of the fact that the rc-survey 
examinations were made in 1919-1920, whiuli would alhuv a maximal 
interval of approximately six years (i.e,, from 1914) from the time 
of injury to that of onset of cuiiviilsluns. That longer intervals 
may intervene hetween injury and onset is well known. Thus, 
Foerstcr and Pcnfield (11, p, 118) reported tlmt of 12 cases oi 
traumatic epilepsy, the time between the wound and the onset of 
convulsion varied between five months and fourteen ycnv.s, with the 
average interval being 5 years and 6 moiitlis. Stevenson (34, p. 
215) reported that the longest interval in his .series of eases was 14 
years, and in 11 eases, the intcival was at least 10 years. 
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(32, p. 323). Drayton (7, pp. 1302-1309) has pointed, 
out that personality changes, as well as headache and 
dizziness, are a common sequela of post-natal cerebral 
injury. The personality changes observed are “ex¬ 
treme irritability, inability to endure noise without 
emotional upset, marked restlessness, hyperactivity, 
emotional instability and distinctly antisocial beha¬ 
vior” (7, p. 1302). Encephalography revealed that 
the syndrome of headache, dizziness, and personality 
change is of organic rather than functional origin. 
Forty-three cases of post-traumatic personality disor- 
der, the majority of whom were court cases, and some 
of whom were convulsive, were treated by lumbar in¬ 
sufflation of air. Of these, 49 per cent subsequently 
became normally adjusted, 37 per cent improved, and 
14 per cent remained unimproved. 

Rosanoff, Handy, and Rosanoff (31, p. 1172) state 
that in the majority of cases of epilepsy (as well as 
menial deficiency and Lillie’s disease) no iniuiy al 
birth is reported. A consideration of the birth his¬ 
tories of our cases shows not only birth injury but also 
the frequent occurrence of adverse birth factors, such 
as instrumental delivery, prematurity, etc. Table 7 
and Table 8 summarize the birth histories of our cases. 
The data contained in these tables are taken from the 
birth histories as given in the hospital records as well 
as from reports of examining neurologists, One ad¬ 
verse factor, birth order, is not reported in our tables 
because the information with respect to it was not 
completely available. 
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TAllLE 7 

llmTH History 


Number of cnaea 


NnrniDl 

Si 


Adverse hlsiory (no injury proved) 

4J 


ntrlK injury 

S* 


No birih hhlory available 

2 

t— 

ToUl 

101 


•One Cftsc, in which ilic hiiinry repurlcil liirlli injury, did not have a 
neurological ex aim n 4 lion and, llicrefore, Table 6 nhows one Icng case (4) 
ol birth injury than Toblc 7 (5). 

All datft in Tables 7 and 8 were obtained from birth 
history available as well as from neurological ex¬ 
amination, 

TAIILE 8 

Nature of Auversb Dirtu Factors 


Number of eases 

Rlrih Injury 


5 

Adverse Klalory faclora (loinl—41 

cascH) 


Inainiment 


12 

Frcmalure 


B 

Long Inbor 


H 

Irnmninrc 



Difhcult labor 


S 

Frecipitale birth 


4 

Induced labor 


3 

Cesarinn 


3 

Overweight 


3 

Breech delivery 


2 

StuperouB 


1 

Dry birth 


1 

Difficult prescntalion 


1 

Blue 


1 

Twin biilli 


!• 

Diflicult rcBUHciialion 


I 


•Other twin died in conviilslon in infnncy. 
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Neurological Pathology 

Table 9 refers to the neurological examination." A 
large number and variety of pathological conditions 
were found, the condition occurring most frequently, 
namely Babinski-type reflexes, indicating lesion of the 

TABLE 9 

Neurological Examinations^ 


Number of caaea 

No neurological examinations 

22 

Neurological cxaminationa, negative 

Neurological examination, pathological findings 

37 

44 

Total 

\ - 

103 


^Neurological examination did not include encephalography nor ven- 
triciilographyj which, had they been done, would have undoubtedly re¬ 
vealed more neuropathology. 


pyramidal tracts (16 cases). Other pathological con¬ 
ditions found in more than one case were: deep reflex 
increased (10 cases), choreo-athetosis (five cases), 
spasticity (five cases), hypotonia (three cases), and 
the following in two cases each; optic disc atrophy, 
pupillary signs, nystagmus, staggering gait, muscular 
weakness, and endocrinopathy (one case hypothyroid¬ 
ism, one case hypoparathyroidism). The high inci¬ 
dence of pyramidal tract lesions is in accordance with 
the role of cerebral injury and infection in the produc¬ 
tion of epilepsy. 


Severity of Attacks 

Classification of our cases in terms of severity of 
attacks is given in Table 10, The more severe or ma- 

“Lennox .ind Cobb (17, p. 137 f.) review the results of neurologi¬ 
cal examinations of epileptics. 
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TAIILE 10 

Severitv of Attacks* 


Type No. of crbcb 


Mnjor 54 

Major and minor 17 

MajoTj minor, ami ci|uivnlctii 2 

Major and cfiuivalcnl 1 

Major, later minor 7 

Talal mnjor (SI) 

Minor 16 

Minor and ccjulvnlcni 3 

Tclal minor (19) 

llyfitcro 1 

Tolnl iiyolero (1) 

Toial 103 


*DbI(v canccrnlng frcquqnciea of nUdckn nrc omiUcd hccniiBc they were 
not avaiinble in a iiifficlcnily complclc form lo lie Hlalialicnlly treated. 


joT condition existed in over 80 pci- cent of the cases, 
which indicateg a greater proportion of the major con¬ 
dition than usually found in a non-institutional series.'^ 


TABLE 11 

Relation of Sex to Seveiuty’^ 



Number in 

Major 

Minor 

Hyalero 


total group 

pcrccnlngc 

percentage 

percentage 

Males 

61 

B5.7 

14,2 

0 

Fcmalca 

40 

72.5 

25.0 

2.5 


•Showing fl greater proportion of the major condition in mnlea. Also 
Bhowing the presence of one cabe of liyBlcro-cpilepsy in fcmnlcB. 


an institution group, tlic proporLion of patients with major 
seizures, either alone or in conjunction with minor seizures, is rela¬ 
tively high. Thus of new eases admitted to the Craig Colony in 
the two years ended June 30, 1933, over 94 per cent were subject 
to major attacks (23, p. 336), 
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Cookson's (4, p. 180) series of lOO epileptic children, 
for example, contain about equal numbers of major 
and minor cases. Table 11 classifies our cases in re¬ 
lationship of sex to severity, showing a greater propor¬ 
tion of the major condition in boys than in girls. This 
difference appears to be significant. Tables 10 and 
11 show one case, that of a girl, diagnosed as hystero- 
epilepsy,* 


Age at Onset 

Tables 12, 13, and 14 deal with the age at onset of 
convulsions in our series of cases.® Table 12 shows the 
range of ages at onset and the number of cases at each 
age level. Table 13 expresses the same data in terms 
of the cumulation of occurrences at successive levels. 
Table 14 shows the cumulation of occurrences in the 
sexes listed separately. 


^Worster-Drought (38, pp. 50-82), who gives a general discus¬ 
sion of the relationship of hysteria and epilepsy, says, "It is by no 
means infrequent to meet with an almost pure form of both major 
epileptic seizure and hysterical convulsion in the same individual." 

®Of 6075 cases of known age at onset admitted to the Craig 
Colony, 30 per cent had their onsets from birth to five years of age, 
18 per cent had their onsets from five to lO years of age, and 19 per 
cent had their onsets from 10 to 15 years of age (20, p. 14). Thus, 
67 per cent of institutional cases had onset in infancy and childhood. 
Shanahan (33, p. 38) reports that of 7000 institutional admissions, 
the age at onset in 28 per cent of the cases was before five years. 
Paskind (26, p. 382 f.), citing several studies of the age of onset of 
epilepsy, says that his extramural group of 304 cases contained a 
smaller percentage of patients with onset before the age of 5 years, 
(namely, 11.6 per cent) than any other series. 
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TABLE 12 


Age at Onset* 


Showing tub Eange of Aon and the Number op Cases at the 

Given Aon 


Number oi enfica bnving 

Age range 

onHCt a( given age 

U:6-J2;S 

2 

LQi6-U:6 

3 

9:6-10:6 

S 

8;6- 916 

2 

7:6- 8:6 

5 

6:6- 7:6 

8 

5:6- 6:6 

8 

4:6- 5i6 

S 

3:6- 4:6 

8 

2:6- 3:6 

12 

i:6- 2:6 

11 

0:6- 1:6 

22 

0- 0:6 

U 


Tolnl 102 

*Thia Inblc aliowa a londcncy lowarcl early 

dtiHCC. Age at onset unde- 

iBTmLiied In one iia&Co 



TABLE 13 

SnowrNo Cumulation of Age at Onset at Succiissivii Ages* 


Age tif onset 

Number of eases 

Percentage of eases 

12 ycor^ or sooner 

102 

too 

11 years or sooner 

9B 

96.0 

10 years or sooner 

96 

94.1 

9 years or sooner 

91 

89.2 

B years or aooncr 

B7 

85.2 

7 years or sooner 

82 

80,3 

6 years or sooner 

75 

73.5 

S years or sooner 

69 

67.6 

4 years or sooner 

63 

61,7 

3 years nr sonnex 

53 

51.9 

2 years or sooner 

42 

41.1 

1 year or sooner 

25 

24.5 

6 monllia or sooner 

14 

13.7 

1 monlii or sooner 

4 

3.9 

Total 

102 ensGs (62 MhIgh, 40 

Femnlc.s) 


•The table «hawa that njiproxitnalely J5 per cent of our cnsca had onset 
of convulsions nt one yenr or sooner, over SO per cent at three years or 
sooner, nnd over BO per cent nt seven yeiirs or sooner. 
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table 14 

Age of Onset and Sex* 


Agt before wbich Q 

Percentage occurring before a 

given percentage of 

given Dge 


the ensea ocQLir 

M^lea 

Females 

12 years 6 montha 

lOQ 

100 

11 years 6 months 

96.7 

100 

10 years ^ raontha 

93.5 

90.75 

9 years 6 months 

BB.? 

90.5 

6 years 6 rnonths 

E7.0 

Bt.O 

7 years 6 months 

B2,2 

80.5 

6 years 6 months 

75.7 

75,0 

5 years 6 months 

677 

60.7 

4 years 6 months 

66.1 

S7.5 

3 years C montha 

58.0 

50.0 

2 years £ montha 

4S.1 

40.0 

1 yeoi 6 months 

33.8 

30.0 

6 months 

11.2 

10.0 

1 month 

6.4 

0. 

Totnl cases 

included (62 males, 40 females) 



^Thia table £hoW5 a sliEbtly greiiter percentage of «arly onaet in malea 
ttian in females. This JiffereneB may not be Bigniflcanti 
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RESULTS OF OUR STUDY OF INTELLI¬ 
GENCE AND PERSONALITY OF 
EPILEPTIC CHILDREN 

Intelligence of Guoup Studied 

The problems related to the intelligence of epilep¬ 
tic children are numerous and of great practical and 
theoretical significance. It is important to arrive at 
some reliable picture of the group as a whole as well 
as to discover the variability within the group. 

A number of studies have been reported which tend 
to indicate that the group as a whole is significantly 
retarded mentally. Gowers (14, p. 122 f.), in 1881, 
found that 64 cases of a total series of 1450 presented 
“considerable mental defect.” Fox (12, pp. 235-248) 
investigated, by means of the Binct-Simoii (Burt's re¬ 
vision) and other intelligence and educational tests, 
the intelligence of a group of 150 epileptic children 
(99 boys and 51 girls), who were resident in an Eng¬ 
lish epileptic training colony. These cases were some¬ 
what selected, the applicants for admission presum¬ 
ably being “capable of some education and occupa¬ 
tion, and not defective within the meaning of the Men¬ 
tal Deficiency Act” (12, p. 235). The children's ages 
ranged from five to 16 years, Fox found the Median 
Binet Intelligence Quotient to be 71 for the boys, and 
65 for the girls. His results lose some value because of 
the selected nature of his subjects. He states also (p. 
240 f.) that “tests which epileptics find relatively 

[328] 



INTELLIGENCE OF EPILEPTIC CHILDREN 


329 


harder (than the normal child) include those where 
immediate memory is concerned, where written lan¬ 
guage is especially involved, where there are abstract 
questions to be solved, calling for concentration and 
reasoning, and finally where the use of coins as in 
every day is tested."^® He further states that in general 
the failures of Binet test items among epileptic chil¬ 
dren were similar to those among mentally deficient 
children. 

Ninde (24, pp. 1-36) tested the memory span for 
digits of a group of 2000 institutional white epileptics 
of age range from five to SO years, and found the 
memory span to be approximately one-half that of 
normal individuals of corresponding ages. The rela¬ 
tive ability of one-half normal was found for both the 
child and the adult, indicating an apparent absence 
of progressive deterioration of these subjects. Gookson 
(4, p. 178) states that 26 cases from a group of 100 
epileptic children in the Royal Hospital for Sick Chil¬ 
dren, Glasgow, showed a "deficiency of mentality, 
more or less marked; in all the others it was normal. 
When mental deficiency was present, it had been no¬ 
ticed as early as the fits." He does not describe his 
method of measuring mental deficiency. 

Dawson and Conn (5, pp. 142-151) later, using 
Burt’s revision of the Binet-Simon test, measured the 
intelligence of 49 epileptic children in the same hos¬ 
pital. The ages ranged from four to 12 years. Twen¬ 
ty-one cases were retested after intervals of eight 


^°Thc deficiency in the use of coins is characteristic of institutional 
children, who lack opportunity to use money. 
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months to four years eight months. The Mean Intelli- 
gence Quotient of the group on tlie first test was found 
to be 80.65, the P.E. of the Mean being 1.43. The 
range of Intelligence Quotients was 49 to 117, the 
frequencies for the various intervals as follows: 110- 
117, thdee cases; 100-109, three cases; 90-99, seven 
cases; 80-89, 12 cases; 70-79, 13 cases; 60-69, four 
cases; 50-59, six cases; 40-49, one case. He states that 
the Mean IQ of the epileptics was "appreciably and 
significantly below the average of the rest of the hos¬ 
pital children examined" (991), which is 90.57 (P.E. 
mean ±.31). Excluding cases of patients suffering 
from diseases of the ductless glands and of the brain, 
the Mean Intelligence Quotient of the rest of the 
patients is 91.76 (P.E. Mean ±.3S) which is still more 
above that of the epileptics. The standard deviation 
of Intelligence Quotients of the group of epileptics 
(14.87) was similar to that of other cases (14.66). The 
difference did not prove to be statistically significant. 

The annual reports of the Department of Mental 
Hygiene of the State of New York, have for several 
years summarized the intelligence status of epileptic 
persons newly admitted to Craig Colony. For the 
year ended June 30, 1931, of 317 first admissions, only 
21.4 per cent were classified as of normal mental status, 
and 78.2 per cent were classified as of some degree of 
mental subnormality (21, p. 336). Of the subnormal 
group, 10,7 per cent were classified as idiot, 21.4 per 
cent as imbecile, and 44.5 per cent as moron. A marked 
sex difference was noted, only 12,6 per cent of the fe¬ 
males being classified as normal as compared with 28.7 
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per cent of the males. The method of mental measure¬ 
ment is not given in the New York reports. Relatively 
the same results are given for the two following years. 
For the year ending June 1932, reports show 24.2 per 
cent normal and 7S.9 per cent subnormal (22, p. 339). 
Of the subnormal, 4.6 per cent were idiots, 24.2 per 
cent imbeciles, and 47.1 per cent morons. For the year 
ending June 1933, reports show (23, p. 338) 24.4 per 
cent were normal. Of the subnormal group, 6.7 per 
cent were idiots, 14.6 per cent imbeciles, and 53.9 per 
cent morons. The same sex differences continued show¬ 
ing a larger percentage of females mentally retarded 
than males. 

The high percentage of subnormal patients in the in¬ 
stitutional epileptics as compared with extramural 
cases indicates the selected nature of the institutional 
group. Paskind (26, pp. 370-385), for example, re¬ 
ports that of 304 cases from private practice, who had 
been epileptic for at least six years, only 6.5 per cent 
were found to be mentally deteriorated. His method 
of determination of deterioration is not given. He says 
“The remainder or 93.4 per cent were found to be in 
excellent mental health, without the slightest trace of 
deterioration or other psychosis, and engaged in occu¬ 
pations similar to those of the great mass of the popula¬ 
tion" (p. 373). 

Fetterman and Barnes (10, pp. 797-801), using the 
Stanford-Binet test found the average Intelligence 
Quotient of 105 epileptic patients (ages not given) of 
a hospital dispensary group to be 74, with a range from 
34 to 133. Forty per cent were found to be mentally 
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defective (below 70 IQ), 18 per cent were of Border¬ 
line Intelligence, 21.9 per cent of Dull Normal Intel¬ 
ligence, 17 per cent Average Normal, and 1.9 per cent 
Superior. The Average Intelligence Quotient of 
patients under 16 years of age was 78, and of adults 
it was 73. An Average Intelligence Quotient of 77 
was found for the idiopathic group and of 69 for the 
organic group, No significant sex difference was dis¬ 
covered.' 


Results of Our Study of Epileptic Group 

The group studied by us was one that allowed the 
use of the Stanford Revision of the Binet tests as an 
appropriate measuring scale in most cases. A small 
group not scoring up to the three-year mental level 
was given supplemental items from the Kuhlman- 
Binet scale at the two-year level. Below this level, 
approximations based upon B scoring items of the 
Gesell Normative Schedules of Development were 
used. Only 11 of 103 cases examined fell in the group 
requiring supplementing of the Stanford-Binet below 
the three-year level. In addition to the Binet test, 
performance tests, educational tests, and other appro¬ 
priate tests were used to fit the clinical needs of the 
particular case. This report is, however, essentially a 
report of the Intelligence Quotients of a literate group 
falling within the age range of the Stanford-Binct test, 
Retests were made of a limited group. I'his part of the 
paper deals with the results of the first test of the entire 
group. The results of retests will be reported later. 
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Table 15, which follows, gives the distribution of 
IQ's of the group. Table 16 shows the distribution 
and relation of chronological ages to mental ages of the 
same group. Table 17 introduces Dawson and Conn's 
epileptic group and presents a comparison of the intel¬ 
ligence of the epileptic group with that of two control 
groups in the same community; namely, the Los An¬ 
geles City school group (19, p. 6) and a group of 
children from the Children's Hospital suffering from 
allergy, mainly asthma (35). Table 18 presents in 
more detail a comparison with the two control groups. 


TABLE 15 

Intelligence Quotients of Cases Studied 


IQ 

Number of cases 

135-tH 

3 

12S-13+ 

2 

115-124' 

7 

105-114 

16 

95-104 

18 

B5- 94 

21 

75- B4 

14 

65- 7+ 

3 

55- 64 

3 

45- 54 

5 

35- 44 

6 

25- 34 

2 

15- 24 

2 

5 -14 

1 

Total 103 

Mean 

88 

Median 

92.4 

Qo 

106.4 

Qi 

60,1 

Range 

11 to 141 
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The Los Angeles City School data (19, pp. 6, 7) 
were chosen as representative of a more appropriate 
control group for this study than the Terman data (36, 
pp. 6S-67). The allergy group was used as repre¬ 
sentative of a common basis of selection socially and 
economically as the epileptic group and as having the 
added advantage of representing the sick children 
group, The facts brought out in Tables 1^, 16, 17, and 
18 arc as follows: 

1. Our epileptic Rroup, described in terms of central tendency 
(Mean or Median), is lower in intelligence tliiin die City Scliool 
group or the AllcrRy group. The Median Intelligence Quotient of 
our Epileptic group is 92.4; of the Los Angeles School nroup, 105; 
and of the Allergy group, 103 (Table Ifl). 


TAHLIC 16 

Chronological and Mental Ages of Cases Studieu 


Arc 

Cliron. n^c 

Nu, t:aNCH 

Mental n^c 

No. of cnsca 

iS 

0 

1 

14 

1 

2 

13 

t 

2 

12 

B 

1 

11 

11 

4 

10 

10 

12 

9 

12 

13 

S 

6 

9 

7 

13 

6 

6 

10 

10 

5 


3 

4 

16 

17 

3 

5 

12 

2* 

5 

H 

1 

0 

3 


Summary 


Total! 103 caaea 


Chron. ngc: Mean 

7 yra. 6^/^ 

1110!! > 

Mental 

n((c; ^^[cao 

6 yra. 

6 

mos, 

Mecliiin 7 yri. 4 

moA, 


Mcclinii 

6 yre. 

4 

inos. 

Q. 

10 yra. 0 

nioAi 


Q. 

9 yra. 

2 

moa. 

Q* 

4 yra. 6 

moA. 


Qi 

3 yra. 

S 

mas. 

Range 1 yr. 10 

moB. to 14 yra, 9 

moa, 

Rniigc 9 iiiDa, to 

15 

yra. 


Z years—interval 1 year 6 months to 2 yenra 5 monlhsj etc. 
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TAHLE 18 


Comparison of thh iNTJuxuinNcw Quotirnts of thk Efilhptic 
Group, tub ALiJiROV Control Group, and tiui 
L os Anoklks CiTV School Control Group* 


L A. 
ciiy 
acUfiril 

Tniclligcnce Qunlicnla PerrpnliiKc 

Children's 

huBpiial 

nllcry 

rercpntaj*e 

Children's 

hospital 

epileptics 

Percentage 

Above 140 

J.2 

0 

.9 

130-139 


4.+ 

1.9 

120-129 

in.2 

8.B 

6.B 

UO-119 

21.S 

J8.0 

9,7 

tO0-L09 

ZM 

26.6 

19.4 

90-99 

20.S 

33.5 

17.4 

BQ-89 

1Q.6 

6.6 

19.4 

70-79 

3.8 

0 

5.8 

Ilclow 70 

1.3 

0 

lfi.4 

Number of Cases 63,147 

45 

lOj 

Median 

103 

Mdn 103 

Mdn 92.4 

Ollier dnia not tiubliahcd 


Q B.9 

Q 23.3 

Can be approximated from alinve. 

Hnngc 81-139 

RniJgc 11-141 


*Tlic Lds Angclea School (ln(n ib bcIccicJ from rcj^ari^ IiUclli^cncc 
levelfl of Normnl Six-Year nicmciuory Schoul ChiKlrcn* (15| pp. 7, 
Tables 2 and 3), 


2. There [s a greater variability in the intelligence of the epilep¬ 
tic group thnn in the School group or the Allergy group. The 
Quaitilc Deviation of ocir epileptic group is 23.3, of the Allergy 
group 8.9, and of the Los Angeles school group, not given but by 
approximation, is seen to be about nne-lmlf that of the epileptic 
group (Table 18). 

3. The total range of intelligence of our group of epileptics 
approximates that of the non-sclcctcd school group. The epileptic 
group includes all ranges of hitclJigencc from very superior to very 
inferior (Tables 15, 16, 17, 18). 

4. There is a greater proportion of eases at the fccblc-miiulcd end 
□f the scale in the epileptic groups (Chililrcids ITuspitnl and Daw¬ 
son & Conn) than in citlicr of the control gruiips (18.4 per cent 
in Children’s Hospital group, 22.4 per cent in I^awson and Conn’s 
group^ and 1.3 per cent in Los Angeles City Schnol group). 
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5. In nddition to the large number of feeble-minded epileptics, 
the group includes a significantly large number of cases above the 
average or superior in intelligence. This group should be given 
consideration in understanding and treating epileptics. 

6. Tile analysis of tests failed by the epileptic group as a whole 
does not show qualitative differences in responses from those given 
by a non-seketed group. There are of course included the re¬ 
sponses of feeble-minded epileptics characteristic of the feeble-minded 
and, of superior epileptics, responses characteristic of superiority in 
whatever group tested. There were observed no typically epileptic 
responses. Fox (12, p. 247) noted also in his group the typically 
feeble-minded response of his feeble-minded epileptics. His group 
included few of superior intelligence which accounts for his failing 
to note the superior responses. 

7. One difference not evidenced statistically is recorded clini¬ 
cally, namely, the need of breaking the test period in order to avoid 
over-fatigue or other physical upsets. This was necessary in some 
cases, hut not more noticeable in this group than in other sick chil¬ 
dren groups. Only one case of convulsion occurred in the psycho¬ 
logical test period during the course of this work. As a precaution, 
we did not test children until the depressing after-effects of attacks 
had disappeared. 

Our data do not show the degree of deterioration of 
the group reported by Fox (12), The Median for 
our group was 92.4 and for his group, 71 for Males 
and 65 for Females. Our group is also less deterior¬ 
ated than the group studied by Dawson and Conn (5). 
The Mean for their group was 80.65 and for our group 
88.0. The range for Dawson and Conn’s cases was 
49-117, our range, 11-141. Their Borderline and Fee¬ 
bleminded group comprise 48.9 per cent of the total 
group, whereas, our Borderline and Feebleminded 
group comprise only 24.2 per cent of the total group. 
This difference is possibly due to some different basis 
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of selection of cases for treatment in the hospital or 
a difference in the community furnishing the cases. 
Our results were in agreement with Dawson and Conn's 
conclusion that "the Mean IQ of epileptic children 
was appreciably and significantly below that of the 
other hospital children examined." The data of Daw¬ 
son and Conn also sIioav the same piling up of a large 
percentage of cases at the Feeble-minded end of the 
scale. 

Variations in Intellioknce Quotients op Epilep¬ 
tic Children Retested 

Studies of the variability of the Intelligence Quo¬ 
tient of unselected children from the general popula¬ 
tion have shown that tlic IQ in these cases has a relia¬ 
bility high enough to make the results of one test have 
reasonable predictive value. Such studies arc also of 
value for comparative purposes in relation to other 
more selected groups. Particularly is it interesting to 
compare such a group as the epileptic in variability 
with an unselected sample. Many studies have been 
made of this variability, some of which are to be dis¬ 
cussed here. Our data included retests made at vary¬ 
ing intervals with the epileptic group. The results of 
our treatment of these data will follow the discussion 
of previous studies. 

Fox (12), Patterson and Fonner (28), Dawson and 
Conn (S), and Fetterman and Barnes (10) have inves¬ 
tigated the variations in the intelligence of epileptic 
children by means of retesting after various time inter- 
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vals. Fox (12, p. 238), using Burt's revision of the 
Binet test, retested his group of 130 institutional epi¬ 
leptic children after an interval of approximately one 
year. Disregarding change in IQ of two points or 
less, he found that 37 per cent showed a decrease in 
IQ, 22 per cent showed an ihcrease, and 41 per cent 
remained stationary. Eleven subjects showed a loss 
of over 10 points, whereas only one subject showed a 
gain of over 10 points. He interprets his results of 
retesting as showing a wide variation in IQ, the gen¬ 
eral tendency towards deterioration, and the very 
marked deterioration in over 8 per cent of the total. 

Patterson and Fonner (28, pp. 542-548) carried out 
an extensive investigation of the variations of the IQ’s 
of a group of 128 institutional epileptic children and 
adolescents (63 boys, 65 girls), in which retests were 
given at intervals of a year or more. Ninety-eight 
cases (51 boys, 47 girls) were tested twice by means of 
the Stanford-Binet Test; 30 cases (12 boys, 18 girls) 
were tested three times. Deviation of two points or 
less in IQ from the original test was disregarded and 
interpreted as showing no change. Deviation greater 
than two points was interpreted as showing an increase 
or decrease in IQ. Their results may be summarized; 
Of the Si boys tested twice, after intervals ranging 
from one year four months to three years seven months, 
13 cases showed no change on retest, 20 showed a de¬ 
crease, and 18 showed an increase. The range of IQ 
on the original test was from 38 to 114, and on the 
second test from 45 to 113. The maximal loss in re¬ 
testing was 17 points and the maximal gain was 18 
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points. Of the 47 girls tested twice after intervals 
ranging from one year zero months to three years 10 
months, 18 cases showed no change in IQ, 13 showed a 
decrease, and 16 showed an increase. The range of 
IQ's on the original test was from 47 to 109 and on 
the retest from 42 to 109. The maximal gain was 26 
points and the maximal loss was 9 points, 

Of the 12 boys tested three times, eight were morons 
and four were dull normals. On the second test, two 
cases showed no change in IQ, five, a decrease, and 
five, an increase. On the third test, three showed no 
change from the original test, four showed a decrease, 
and five an increase, Of the 18 girls tested three times, 
14 were mentally deficient (13 morons, one imbecile), 
two were dull normals, and two normals. On the sec¬ 
ond test, 10 showed no change in IQ, six showed a de¬ 
crease, and two, an increase, On the third test, six 
showed no change, eight showed a decrease, and four 
an increase. Patterson and Fonner conclude that the 
IQ of epileptic children and epileptic adolescents 
shows a considerable variation from time to time, 
which may involve either an increase or decrease, and 
that such variations may occur in either direction. And, 
furthermore, the variations occur at any mental level, 
that is to say, patients of high and low IQ's show 
about the same rate and degree of fluctuations. 

Dawson and Conn (S, pp. 14S-147) retested (by 
means of the Binet Test: Burt's revision) 21 cases of 
his total group of 49 epileptic childrcji, Tlic time 
interval between tests ranged from eight months to 
four years eight months. The mean IQ of the first 
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test was 82.09±2.SI, and of the second test 66.52=t3.06. 
The difference, 15.57±3.96, shows a significant loss for 
the grou£ as a whole. They conclude that "in ten cases 
there is little difference between the results of the two 
tests, but the general tendency is towards deteriora¬ 
tion which in some is very serious. This supports the 
suggestion already made that the epileptic condition 
tends to produce mental deterioration" (p. 14.5). 

Fetterman and Barnes (10, p. 799) tested twice or 
more, using the Stanford-Binet Test, 46 epileptic pa¬ 
tients (ages not given) of his hospital dispensary 
group. The average time interval between tests was 
approximately 21 months. On first retest, 19 of these 
cases showed "a slight increase in intelligence quo¬ 
tient,” 23 showed a "moderate loss," and in the re¬ 
maining four cases the IQ was unchanged. They 
state, “The average of these changes is not larger than 
the difference which one may obtain between tests and 
retests on normal persons.” Twenty-five of the 46 
cases were retested three or more times. They say that 
“the most interesting feature of their serial studies is 
the fluctuation of the intelligence quotient from one test 
to another. What may look, like a significant change 
one year may be entirely offset the next year by a 
change of equal magnitude in the opposite direction." 
For the majority of these 25 patients there was no de¬ 
cided trend toward mental deterioration in the Binet 
rating. 

Our Results with Retests of Epileptics. Forty-four 
of our group of 103 cases were retested at intervals 
varying from one month to four years 11 months. The 
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average interval between tests was 14 months. Except 
in four cases, with an interval between the tests of two 
years five months to four years 11 months, the basis 
of selection for retests was availability in a routine pro¬ 
cedure which aimed to secure retests on as many cases 
as possible. The four exceptions mentioned above were 
referred by the physician for retest because of suspi¬ 
cion of change of intelligence. Tables 19 and 20 show 
the differences in Intelligence Quotients on first and 
second tests. 


TAI3LE 19 

Comparison of Intbluofnce Quotiiints of Epileptics on 
First and Second Tests 


Inlalllgcnce Qiiaiienla 
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Second teat 
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6 

75- U 


6 


5 
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1 


4 
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Q 
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4 
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4 


3 
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2 
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1 


Q 

No. of caaca 
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Uiinge 
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Table 19 shows a slight increase in the Mean IQ 
of the second test. This dilTcrencc, -1-,S points, is not 
statistically significant. The difference in the case of 
the Median is a decrease on the second test of 3,4 
points. In fact, the Median and 25th percentile show 
a general lowering of the group. Table 20 shows a 
large negative change in the cases tested after an inter¬ 
val of 23 months. However, this group includes only 
four cases who, as already stated, were selected for re¬ 
tests by the physician on the basis of suspected de¬ 
terioration and from them no general conclusions can 
be drawn. The cases do, however, tell the story for 
these particular cases even though they are not an 
adequate sample of the group. Table 20 shows an 
increase in IQ in 20 cases, a decrease in 22 cases and 
no change on retest in two cases. The Mean change 
in IQ points on the second test is 7.6, the Mean change 
in direction —.83 IQ points. The range includes 
changes for H-24 to —28 points. The middle SO per 
cent change was from 4.5 points increase to 4 points 
decrease, 

The Pearson Product Moment correlation between 
IQ’s on first and second tests was +.897 (P.E. of r, 
=t.019). Terman’s data on retests (37, pp. 137-164) 
show a higher correlation on retests of a non-selected 
group. His correlation was -(-.933 (based upon 435 
cases retested two or more times, through ages three to 
15 years with intervals of one day to seven years). A 
comparison of our epileptic group with Terman’s non- 
selected group of school children shows greater vari¬ 
ability on retests of the epileptic group. 
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We reorganized the data to represent the IQ not in 
points but in terms of mental classification as defined 
in Terman’s handbook (36) namely: Superior, Aver¬ 
age Normal, Dull Normal, Borderline, Feeble¬ 
minded. This treatment showed the following results 
with the 44 cases retested: no change in diagnosis on 
retest in 29 cases, change to higher classification in 
seven cases, change to lower classification in eight 
cases. The changes were as follows: Average to Su¬ 
perior, three cases; Dull to Superior, one case; Dull 
to Average, one case; Borderline to Dull, two cases; 
Superior to Average, three cases; Average to Dull, one 
case; Average to Borderline, two cases; Dull to Bor¬ 
derline, one case; and Average to Feeble-minded, one 
case. The last case was the only one which brought 
about a Feeble-minded diagnosis on the second test 
and not on the first test. A point of greater interest is 
that not one of the cases diagnosed as Feeble-minded 
on the first test improved enough to be given a higher 
classification on a second test. 

In seven cases having three tests the Mean IQ on 
successive tests was as follows; First test, Mean IQ 
86.2; Second test. Mean IQ 81.1; Third test. Mean 
IQ 82,5. 

In one case tested five times at approximately four 
years, eight years, nine years, 11 years, and 12 years, 
the IQ’s were as follows; 95, 67, 69, 87, 77. This 
case, which was one of Jacksonian epilepsy, shows 
deterioration after the first test and great variability. 

A special statistical treatment was given to a se¬ 
lected group tested who were diagnosed as suffering 
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from idiopathic epilepsy. This group retested in¬ 
cluded 22 cases, examined at intervals from one month 
to two years, five months. The Mean IQ of this 
group on the first test was 87.2, on the second test 85,8, 
This shows a difference of Means of —1.4-=t3.0, Al¬ 
though this is not statistically significant it is in agree¬ 
ment with other results reported which indicate a 
slight trend downward of the groups studied. 

Our retest data dealing Avith cases diagnosed as or¬ 
ganic in type are too small to be given statistical treat¬ 
ment. It includes five cases with an Average IQ on 
first test of 9S and on second test, of 96 (10 months to 
four years 11 months later). The individual varia¬ 
bility in these cases was great, including a change from 
Normal to Feeble-minded. The changes in IQ's were 
as follows: 114 to 111, 82 to 92, 112 to 131,74 to 82, and 
95 to 67. 

For clinical purposes we are adding a brief analysis 
of the cases having the greatest change in intelligence 
level (including cases changing 10 points or more in 
either direction). These include seven improving and 
six deteriorating cases, 


Improving' Cases, 

Case ^ 0 . 68: Improved 34 points (Dull Normal to Superior). 
Male. Major epilepsy and equivalent. Onset at three months, 
Birth history ndverse (blue baby). Idiopathic. NcuroloRical find- 
itigs negative. 

Case No. 1: Improved 30 poiiiLs (Avcrap[c to Superior). Female. 
Major epilepsy. Onset at 10 yean'i, four mouths. Iliith history 
adverse (prcmatiircj immature). Idiopathic. No neurological ex¬ 
amination, 
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Case A^o. 49: Improved 19 points (Superior to More Superior). 
Female. Minor epilepsy. Onset at live years. Birth history shows 
birth injury. Organic Jacksonian, Neurological findings include; 
spfistlc paraplegia, choreoathetosis, adductor spasms, deep reflexes in¬ 
creased, bilateral Babinski, 

Case AId. 3: Improved 14 points (Average to Superior). Fe¬ 
male. Major firatj later minor. Onset at one year two months. 
Birth history normal. Idiopathic. No neurological examination. 

Case No, 89: Improved 12 points (Average to Superior). Male. 
Major epilepsy. Onset at six years six months. Adverse birth 
history (premature). Organic, Neurological findings: deep re¬ 
flexes increased. 

Case No. 85: Improved 11 points (Average to Improved Aver¬ 
age). Male. Major epilepsy. Onset 10 months. Adverse birth 
history (precipitate birth). Organic? Neurological examinations in¬ 
complete; indicates pathology. 

GaseNo. 11: Improved 10 points (Dull to Average), Male. 
Major and Minor. Onset at four years five months. Adverse 
birth history (long labor), Organic. Neuro-pathology recorded. 
(Jacksonian Convulsions.) 


Deterioraihiff Cases, 

Case No, 84: Loss of 26 points (Average to Feeble-minded, 95 
to 67 IQ). Female. Minor epilepsy. Onset at two years. Birth 
history normal. Organic. Findings of neurological examination: 
Spastic right hemiplegia, choreoathetosis, muscular atrophy of right 
side, deep reflexes increased, right Babinski. 

Case No. 62: Loss 27 points (Superior to less Superior). Male. 
Major epilepsy. Onset at 11 months. Adverse birth history (three 
days labor). Idiopathic. Neurological findings negative. 

Case No. 81: Loss 26 points (Average to Borderline), Fe¬ 
male. Major epilepsy. Onset Jit six months. Birth history nor- 
171 al. No neurological examination. Classified Organic (inconclu¬ 
sively). 
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Cme No. U; Loss 21 points (Avcrai'c to Horilcrlinc). Fc- 
mnlc. Major and Minor epilepsy, Onset at four months. Birth 
history normal, Idiopatliic. Neurological (iiidinss state ncEatlvc 
but report "hypertonia," 

Case No. Loss IH points (Superior to Avcranc), Male. 
Major epilepsy. Onset at one year three months. Birth history normal. 
Idiopathic. NcuniUn'ical examination ncu.itivc. 

Case No. 19; Loss 10 iioint.s (Low Dull hi Borderline), Male. 
Major epilepsy, Onset at six year.s six months. Birth history nor¬ 
mal. Idiopathic. NcnroloKical examination negative. 


It is difficult to see any sijriiificant difference in the 
causative factors accompanying epilepsy in the cases 
showing most improvement and those having greatest 
deterioration. The idiopathic classification occurs 
four times out of five eases showing a large amount of 
deterioration, and in only two out of six of the improv¬ 
ing cases. The neuropathology described in the ease 
deteriorating the most (a loss of 28 points) is very 
similar to the description in a case that improved a 
great deal (gained 19 points). However, the greatest 
changes occurred in cases classified above the level of 
70 IQ (not feeble-minded). Throughout the greatest 
irregularity and variability in performance at differ¬ 
ent times is shown by individuals of average or superior 
intelligence. Seven of 13 cases varying most had a 
classification as superior on either the first or second 
test, 

The following is a brief summary of significant facts 
brought out in our data with reference to variability of 
intelligence quotients of epileptic cliildren. 



INTELLIGENCE OF EFILEPTIC CHILDREN 


349 


1. The epileptic group shows greater variation on 
retests than is reported in studies of unselected school 
children. 

2. There is shown mental deterioration of the 
group as a whole on retests. 

3. Our group does not show as great a deterioration 
on retests as is shown by Dawson and Conn, Fox, and 
others earlier in this report. 

4. Our results show no large changes that would 
change the diagnostic classification in 65,6 per cent of 
the group. Changes of 10 points or more occur in 34.4 
per cent of the cases retested. These changes are in 
both directions (improving and deteriorating). 

5. Large changes in a positive direction or a nega¬ 
tive direction occurred most frequently in cases of 
Average or Superior Intelligence. 

6. No change in a positive direction occurred in an 
amount great enough to result in a child classified as 
Feeble-minded on a first examination, later to be clas¬ 
sified as not Feeble-minded, 

7. In only one case did a child classified as normal 
on a first examination deteriorate so rapidly as to be 
classified as Feeble-minded on a later test. 


Sex and Intelligence in Epilepsy 

Our data show that, in the total group of epileptics 
examined, the males were present in larger numbers 
than the females and that the actual proportion of 
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males in the epileptic group was greater than in the 
general hospital population of new cases. 

Slight differences arc shown in the intelligence levels 
of male and female epileptics. The group included 
63 males and 40 females. On the first test the males 
had a Mean Intelligence Quotient of 86.3 and the fe¬ 
males 90.S. The Mean Intelligence Quotient for the 
entire group was 87.9. This shows the female epilep¬ 
tics less deteriorated as a group than the males, 
Twenty-nine males were retested and iS females. 
The Mean Intelligence Quotient of the 15 females re¬ 
tested Was 89.6 on the first test and 87.6 on the second 
test. The Mean Intelligence Quotient of 29 males 
retested was 85.6 on the first test and 86.3 on the second 
test, The results show a slight improvement in the 
male group not statistically significant and a slight 
loss in the female group also not significant. Here 
again, although not shown in the Mean, the total group 
shows great individual variability but no characteristic 
differences between males and females in variability. 

Severity oe Aitacks and iNrELLiGENCE 

The literature is limited and the data inconclusive 
with reference to the relationship of severity of attacks 
to level of intelligence. 

Dawson and Conn (5, p, 151), Doolittle (6, p, 96), 
Fetterman and Barnes (10, p. 801), and Worster- 
Drought (38, p. 60) state that the severity of attacks 
and subsequent mental condition arc not significantly 
related. Grinker (15, p. 833), on the contrary, states 
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that mental deterioration bears some quantitative rela¬ 
tion to severity of attacks. 

Our data afforded opportunity to study this problem. 
We found that the Mean Intelligence Quotient in 
cases having major convulsions was 87,2 and the Mean 
Intelligence Quotient of 16 cases having only a minor 
epilepsy was 97,0. The difference appears to have 
some significance; however, the small number of cases 
in the group of minor epilepsy leads us to present this 
difference as suggestive rather than conclusive. 

Causation and Intelligence 

We mentioned earlier some facts with reference to 
intelligence level in cases of idiopathic and organic 
epilepsy. We found in the case of 53 epileptics with 
idiopathic epilepsy a Mean Intelligence Quotient of 
88 and in the case of 18 epileptics with an organic 
diagnosis a Mean Intelligence Quotient of 79.8. Here 
again, the variability of the groups, the limited num¬ 
ber of cases, and the incompleteness of the neurological 
data lead us to present this as inconclusive evidence of 
lower level of intelligence in the cases of organic epi¬ 
lepsy than in idiopathic epilepsy. 

Intelligence and Age of Onset 

Gowers (14, p. 122 f.) found that the age of onset 
of epilepsy has a definite influence on the mental con¬ 
dition of the patient. Thus, of 64 cases with “consid¬ 
erable mental defect’* 55 per cent of these had their 
onset under 10 years of age, whereas of his whole 
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series of 1450 cases, only 29 per cent liad onset before 
10 years, Grinker (IS, p. 833), Paskind (26, p. 385), 
and Worster-Drought (38, p. 60) all assert a relation¬ 
ship of mental deterioration to early onset. 

In our study the age of onset was determined by 
conferences with parents and study of the social and 
medical histories. It was able to be determined in 102 
cases. A tabulation of data showing age of onset in 
relation to Intelligence was made. No sigiii/icant re¬ 
lationship was shown when the change of Intelligence 
Quotients was studied with reference to small intervals 
(six months or one year), However, when grouped in 
larger intervals, a difference was indicated. 

In the cases examined (72) having onset of convul¬ 
sion from birth to five years 11 months, the Mean In¬ 
telligence Quotient was 82.87. In the cases having on¬ 
set from six years to 12 years (30), tlie Mean Intelli¬ 
gence Quotient was 90.43. Tlie difference (7,56 points) 
is statistically significant. This shows that the cases 
having an early onset are more deteriorated as a group 
than those having an onset later in childhood. The 
difference of Means does not indicate that all cases 
arc deteriorated directly in relation to age of onset 
but that this is one factor in deterioration of intelli¬ 
gence. 

Table 21 shows details of facts of age of onset and 
intelligence of cases tested, This table also shows the 
early onset in a huge miinbcr of cases. 

Frequency of Aitacks and Intelligence 
Our data do not allow for the study of relation of 
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TABLE 21 

Age of Onset and Intelligence 


Age of onset in months 

Number of cases 

Average IQ 

144-lSS 

1 

305.0 

132-143 

3 

95.6 

120-131 

3 

97.0 

108-119 

4 

72.7 

96-107 

5 

94.9 

84- 95 

5 

fiS.4 

72- 93 

10 

106.2 

60- 71 

5 

90.4 

40- 59 

5 

90.2 

36- 47 

13 

75.9 

24- 35 

10 

96.2 

12- 23 

17 

907 

0- 11 

21 

76.0 ' 


Total 102 



Mean Intelligence Quotienti 90.43 (d yrs. to 12 yra.) 72 cases. 

Mean Intelligence Quotient; 82.87 (0 yrs. to S yrs. 11 mos.) 30 cases. 


frequency of attacks to intelligence level or personality 
changes due to lack of complete data on frequency in 
cases studied. 

The problem as to the relationship of frequency of 
attacks to intelligence has not been settled. Patterson 
and Fonner (28, p. 549) state that the variations in the 
intelligence of epileptics seem in the main to be inde¬ 
pendent of the frequency of attacks. Dawson and Conn 
(5, p. I5l) reported no significant correlation between 
frequency of attacks and subsequent mental progress. 
Stevenson (34, p. 218) reports that the frequency of 
attacks and mental deterioration are related. Of his 
series of organic cases (with severe head wounds), 17 
of 17 cases (i.e., 100 per cent) with frequent attacks 
were deteriorated, whereas 23 of 37 cases (i.e., 62 per 
cent) with infrequent attacks were deteriorated. Of 
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hia 108 cases of idiopathic epilepsy, 94 per cent of those 
with frequent attacks were deteriorated, as compared 
with only 47 per cent of those with infrequent attacks. 
Doolittle (6, p. 96) found no definite relationship be¬ 
tween frequency and rapidity or certainty of mental 
deterioration. Paskind (26, p. 385), on the other 
hand, found that noii-dcteriorated patients had on the 
whole less frequent attacks than the deteriorated ones. 
Grinker (15, p. 833) says that frequency of attacks 
bears a relationship to mental deterioration. Worster- 
Drought (38, p. 60) asserts that frequency and mental 
deterioration are on the whole unrelated. 

Duration and Mental Deteuiouation 

The deteriorating effect of continued convuisions on 
the intelligence of the individual has been noted. 
Worster-Drought (38, p. 58) says that "the more pro¬ 
nounced mental characteristics of epilepsy are usually 
seen when the disease is of rather long standing." Doo¬ 
little (6, p. 96) states, however, that the duration of 
convulsions has no definite bearing upon the rapidity 
or certainty of mental deterioration, Fetterman and 
Barnes (10, p. 801) likewise found no direct relation¬ 
ship between intelligence quotient and duration of 
epilepsy. 

Wc selected for study 73 cases that were continuing 
to have seizures at the time covered by the examinations 
(within one month of examination), A study of these 
cases showed a direct relation of intelligence level and 
continuation of the epilepsy. Table 22 summarizes the 
data on duration and intellectual deterioration. 
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TABLE 22 

Relation of Intelligence to Duration of Epilepsy 


ExaininAtlon 
after epilepsy 
present for fnl- 


lowing intervals 

Number 

Mean IQ 

Range 

Leas than 6 moa. 

13 

100 

B2-1ZS 

6 mos to 11 mos, 

9 

105 

59-125 

1 yr, to 1 yr. 11 mos. 

11 

94 

24-141 

2 yra. to 2 yrs. 11 moa. 

13 

91 

^2-135 

3 yra. to 5 yra, 11 mos, 

1+ 

B6 

32-112 

6 yrs. to 11 yra, 9 mos.* 

13 

6B 

11-107 


*E]cvcn yearSj 9 months represented limit of duration of epilepsy in cases 
studied, 


Even though the results are conclusive "with refer¬ 
ence to relation of duration to deteriorating Intelli¬ 
gence Quotient in the cases studied by us, it will have 
to be remembered that the cases with a long duration 
in the children’s group are also cases of early onset, 
(Early onset was mentioned earlier as a factor related 
to deterioration.) 

Also the range in each group is important. The 
average is much afJected by badly deteriorating caies, 
and each group includes cases that do not seem to de¬ 
teriorate a great deal even with long duration of the 
epilepsy. Here the variability of a group is of as great 
significance for individual prognosis as is the Mean 
for the group. 

Freedom from Attacks and Intelligence Level 

The literature included little reference to cases hav¬ 
ing onset of convulsions and later cessation. Our data 
included on tests and retests the following types of 
cases: children continuing to have convulsions in the 
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interval covered by the psychological examination, and 
children who had for varying intervals just preceding 
the examination been free from convulsions or other 
epileptic attacks. 

Of the total 103 eases studied, 75 were having com 
vulsions at the time of the psychological examination 
and 28 had been free of attacks for a period of from 
one month to five years two months. 

The Mean Intelligence Quotient for the group of 
103 was 88, the Mean Intelligence Quotient for the 75 
continuing to have convulsions was 91.2. 

Twenty-three of the 75 eases having convulsions at 
the time of first test continued convulsive through a 
second test period. The Mean Intelligence Quotient 
of this group, whicji is a group not improving, was 80 
on first test and 81 on second test. 

Seventeen cases having convulsions at the time of 
first test had an interval of freedom from convulsions 
before retest (four months to one yea‘r two months,) 
This group of improving cases had a mean Intelligence 
Quotient of 99 on the first test and 98 on the second 
test, 

Thirty-eight cases tested after varyijig intervals of 
freedom from attack had a Mean Intelligence Quo¬ 
tient of 83.6, This group included : 10 eases free three 
to five months, 10 cases free six months to II months, 
12 cases free one year to one year 11 months, two eases 
free two years to two years II months, and four eases 
free three years to seven years. 

The above data are somewhat contradictory. How¬ 
ever, the following conclusions seem justified; 
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1. Cases having convulsions at the time of first test 
are slightly higher in intelligence than the total group 
which includes some improved cases. 

2. Cases having convulsions and found later not to 
improve in this respect are lower in intelligence than 
the convulsive cases that later improved. The group 
that improved, although having a higher general level 
of intelligence, did not show improvement or deteriora¬ 
tion in intelligence on a second test when convulsions 
had ceased. 

The cases all seemed to maintain their mental status 
as groups regardless of duration of seizures or interval 
of freedom from convulsions. The improvable cases 
were originally less deteriorated than those that did not 
improve. 

3. In general the group having a history of convul¬ 
sions that later ceased were lower in intelligence level 
than the total epileptic group and particularly than the 
group having convulsions at the time of first or second 
examinations. This again may be related to early age 
of onset and not freedom from attacks. 



IV 


DISCUSSION OF THE SO-CALLED "EPILEP- 
TOID PERSONALITY" 

The existence of a specific epileptoid personality has 
been frequently asserted. Notkin (25, p. 799), for ex¬ 
ample, says, "There has been a tendency in recent years 
to look on the personality traits of epileptic persons as 
a specific manifestation. These traits arc egocentricity, 
supersensitiveness, irritability, emotional poverty and 
stiffness of mentation." Doolittle (6, p. 89) says that 
descriptions of the epileptic personality "vary some¬ 
what as to its characteristics from that of simple irri¬ 
tability to the most severe forms of personality derange¬ 
ment, including supcrsensitivcncss, hyperirritability, 
‘religiosity,’ narcissism, uncontrollable outbursts of 
rage, furors and sexual assaults." Grinker (15, p. 833) 
writes that epileptics "are said to be egocentric, selfish, 
seclusive, and show tremendous outbursts of emotion, 
Their personality is said to be rigid. When they can¬ 
not have their way, they show a great amount of rage; 
children, especially become frenzied when refused 
their wishes," Worster-Drought (38, p. 59) says that 
the epileptic patient “is frequently egocentric, his 
thoughts and interests centering around his own per¬ 
sonality." The asserted characteristics of tlie epilep¬ 
toid personality are principally described as egocen¬ 
tricity, irritability, and outbursts of emotion. 

Fay (9, pp, 557 f.) has found that, in the case of 
mentally deficient epileptics suffering fj'Oin m.ajor con¬ 
vulsions, the release of the patient from seizures by 
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means of dehydfation frequently gives rise to a beha¬ 
vior problem, "which is even more undesirable and 
difficult to manage than the condition formerly pre¬ 
sented by frequent convulsive seizures.’* Eyrich (8, 
pp. 640-645) has described three typical syndromes of 
the personality of epileptic children, which syndromes 
are not specifically nor exclusively epileptic in mean¬ 
ing. The central point of the first syndrome is a re¬ 
tardation of all mental processes [“eine Verlangsa- 
mung der gesamten psychischen Vorgange” (p. 641)]. 
This retardation shows itself in aperceptive capacity, 
thought, and activity. In extreme cases there is an 
enormous retardation of reacfion time, impoverish¬ 
ment of acts, and a limitation or loss of spontaneous 
activity. This personality syndrome we may call the 
mentally retarded hypokinetic type. The second syn¬ 
drome described by Eyrich is the syndrome of explo¬ 
sive excitability [‘‘Syndrom der explosiven Reizbar- 
keit” (p. 642)], which is characterized by an egocen¬ 
tric hypersensitivity toward trespass upon the patient’s 
interests and self value with tendency to emotional out¬ 
breaks, "motor abreactions,” and ill-humor. This 
syndrome is found in children, adolescents, and adults. 
The third syndrome ["Symptomenbild einer hyper- 
kinetischen Erkrankung im Kindesalter” (p. 643)] is 
characterized by an elementary, impulsive motor rest¬ 
lessness, without a goal. There is an increased distrac- 
tibility, and with respect to emotion, nervous tension 
and a ‘‘genial vacuity." This last syndrome, which ap¬ 
pears to be limited to childhood, has an unmistakable 
relation to the psychological change following epi- 
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demic encephalitis, Eyrich further states that the first 
two syndromes arc more common tlinii the third, and 
that all appear more frequently in gradations and com^ 
binations than in pure form, especially between the first 
two syndromes. 

Kramer and Pollnow (16) have described a syn¬ 
drome (not clearly differentiated from other nervous 
disorders), occurring in 4-5 children of wJtom 19 were 
convulsive, The principal feature of this syndrome is 
a constant restlessness of a purposeless nature, Avith 
great distractibility. This syndrome resembles the 
third one described by Eyrich with respect to hyper¬ 
kinesis, but with reference to the emotional status, 
whereas Eyrich found nervous tension and “a genial 
vacuity,*’ Kramer and Pollnow found frequently ag¬ 
gressive and ncgativistic traits and outbursts of rage. 
All but three cases sliovved disturbances of speech. The 
usual onset of this syndrome was between three to four 
years of age, although an earlier onset was not uncom¬ 
mon. 

Notkin (25, p. 800) studied the personality of non- 
psychotic epileptics in a general hospital (New York 
Post-Graduate Neurological Clinic) and found "in the 
great majority of patients little or nothing of the so- 
called epileptic make-up.'* He further studied a se¬ 
lected group of 150 epileptic persons (75 men, 75 
women) of the Manhattan State Plospital, concerning 
whom more or less reliable life histories were obtained, 
and again "was impressed with the frcciuent occuriencc 
of normal types of personality" (p. 800). He reports 
that the age at onset has apparently a direct bearing 
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on the type of personality; when the onset appeared 
in infancy or early childhood, the personality was de¬ 
cidedly "epileptoid.” Pure "cpileptoid” traits, as 
heretofore described, were found in cases in which the 
onset of convulsions occurred before the age of 12 
years. 

Dawson and Conn (S, p. 150) interpret the epilep¬ 
toid personality when present in terms of retardation of 
mental functions. According to them, “a general en- 
feeblement in intelligence will, in itself, to some extent, 
explain the inattentiveness, the distractibility, the slow¬ 
ness of thought and reaction, the ego-centricity and the 
primitive character of the emotional reactions of epi¬ 
leptics, for it implies a disintegration of the higher, 
more complex mental functions and a consequent slack¬ 
ening of control over the lower, more purely instinc¬ 
tive reactions.”'^ The personality of the epileptic, ac¬ 
cording to Doolittle (6, p. 96), is greatly influenced by 
the isolated and protective environment of institutional 
life. Paskind (26, p. 373) states that 93.5 per cent of 
a series of 304 epileptics from private practice were in 
"excellent mental health," and the remaining 6.5 per 
cent were "deteriorated." 

^^This is in acordancc with Hughlings Jackson's doctrine of defi¬ 
ciency and release phenomena as revealed by lesions of the central 
nervous system. 



V 


OUR OBSERVATIONS ON THE RELATION 
OF INTELLIGENCE TO PERSONALITY 
AND CONDUCT, AND THE NATURE 
OF THE PERSONALITY OF 
EPILEPTICS 

We offer these data and the conclusions drawn there¬ 
from as a preliminary report of a tentative nature, 
Many difficulties stand in the way of collecting data 
with reference to emotional, volitional, and ethical be¬ 
havior, having even a reasonable degree of objectivity 
and reliability. If such data of a quantitative and 
qualitative descriptive type arc collected with refer¬ 
ence to a particular group such as the epileptic, there 
are no available norms of behavior of control groups. 
An added difficulty is that of segregating the particular 
causative factor to be studied in its relation to beha¬ 
vior. This is because of the numerous and complex 
factors influencing behavior and personality. They 
include factors in the environment such as: home, 
school, and community conditions, influences, and at¬ 
titudes; other facts of physical development and physi¬ 
cal health; special factors of education and training; 
and the effects of the above on the variety of develop¬ 
ing personalities, 

In spite of the difficulty, we have treated the avail¬ 
able data quantitatively as it allows, and summarized 
certain descriptive facts shown, Wc present this as 
suggestive of fmlher lines of study of the epileptic, 
The data are not of test type except for intelligence 
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tests. They include observations made during the test 
period by the psychologist, reports from physicians and 
other hospital staff members dealing with and observ¬ 
ing the case over a period of months or years, confer¬ 
ences with parents; school reports, reports of social 
worlters on conditions in the home, and, in a few in¬ 
stances, Court records. We attempted to get a descrip¬ 
tion of behavior as objective as possible and in addi¬ 
tion, a general classification of the individual as a 
problem of personality or conduct or not such a prob¬ 
lem, The facts brought out by the statistical treatment 
of these data having reference to our epileptic children 
are suggestive. The following are some of the findings 
of this study: 

1. Of the total 103 cases, 44 cases were classified as having 
serious and continued personality difficulties or conduct disorders, 
or both, Four more were questionable problems. Forty-five were 
considered well adjusted at home, at school, and in the Hospital. 
They did not present probJems of personality or conductr Ten 
cases did not have sufficient data to justify treatment. 

2. Further analyses of the 44 problem cases showed 31.8 per 
cent female and 68.1 per cent male (the expected ratio in the epilep¬ 
tic group was 38.8 female to 61.2 male). This shows a slightly and 
possibly significantly greater number of boys presenting serious prob¬ 
lems. 

3. The Mean Intelligence Quotient of the group presenting 
problems was less than the Mean of the total epileptic group and 
necessarily less than the epileptic group not presenting problems of 
behavior. This was due in large measure to the larger percentage 
of feeble-minded in the group considered problems. These results 
can be best presented in tabular form (Table 23). 
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TAIJLE 23 

Intbllioknce or PROni..UM and Non-Proiu.km Cmildul'N in 
Epilei’tic Gnoui’ 


Prultlcm caacs 

>11 

Ncju-jirolilcm caseu 


Mean IQ 


Mniin IQ 

SB 

Mcclinn IQ 

83 

Mcdhn IQ 

nA 

Q. 

96 

Qi 

106.4 

Qi 

50 

Qi 

lOO.l 

Q 

23 

Q 

23.1 


The number of Fceblc-miiulcd problem cases was 
14 of a total of 19 Feeblc-miinclcd cases. The number 
of those not Feeble-minded (above 70 IQ) presenting 
problems was 30 of a total 84 in the group. The Feeble¬ 
minded thus contributed 31 per cent of the problem 
cases and those not Feeble-minded 68 per cent, (The 
expected ratio was 18.4 per cent fccblc-inincled to 
81.6 per cent, not feeble-minded). Stating the above 
differently, 35.7 per cent of the epileptics above 70 
IQ were problejns, 73,7 per cent of tliosc below 70 
were problems. 

Age presented no explanation of problem cases. The 
Mean Age of the problem cases was the same (seven 
years six months) as that of the total group. The 
problem cases included the total range of ages. 

Birth history was not explanatory of behavior prob¬ 
lems in the majority of cases. A normal birth history 
was reported in 22 cases, birth injury in four, adverse 
birth factors in seven. It is worthy of note that four 
of five birth injury cases were problems. 

Severity of convulsive illness seemed not to distin¬ 
guish the problem cases. Of 44 cases in the problem 
group, the proportion of Major to Minor epilepsy was 
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83 per cent to 16 per cent. In the total group the pro¬ 
portion was 81 to 18 per cent. 

The idiopathic as a group was represented In the 
same proportion in the problem group as in the group 
as a whole; in the problem group 64 per cent were 
idiopathic and 35 per cent, organic; in the group as a 
whole, 63 per cent were idiopathic and 36 per cent, 
organic. 

The onset of the epilepsy was typically at an earlier 
age in the cases of children who were problems of per¬ 
sonality or conduct than in the case of those that did not 
present such problems. In the problem group, 27 per 
cent had onset of the epilepsy at one year or before that 
age; 34 per cent, two years or sooner; 50 per cent, three 
years or sooner; and 75 per cent, six years or sooner. 
In the non-problem group only IS per cent had onset 
at one year or sooner; 21 per cent, two years or sooner; 
38 per cent, three years or sooner; and 74 per cent, six 
years or sooner. 

The problem group did not show more rapid de¬ 
terioration or greater variability of Intelligence Quo¬ 
tient than the group as a whole. Seventeen of 24 prob¬ 
lem cases retested showed no change in mental classifi¬ 
cation (Superior, Normal, Dull Normal, Borderline, 
Feebleminded) ; four improved their classification 
(Normal to Superior, one; Borderline to Dull Nor¬ 
mal, one; Dull Normal to Superior, one; Normal to 
Superior, one) ; three cases dropped to a lower clas¬ 
sification (Normal to Borderline, one; Dull Normal to 
Borderline, one; Normal to Dull Normal, one). The 
Mean increase in points on retests for the problem 
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group was “|-2.+ (slightly but not significantly better 
than the total group), 

The above facts show that the problem group is a 
fair sampling of the group as a whole except for the 
greater proportion of the Feeble-minded. 

The most significant and interesting results have to 
do with the analysis of the nature of personality and 
conduct disorders in the group, and particularly those 
problem cases within the epileptic group that are not 
Feeble-minded. For convenience w'e w'ill refer to the 
group (Superior, Normal, Dull Normal, Borderline) 
as the Normal problem cases and those below 70 IQ 
as Feeble-minded problem cases. 

One fact of significance in understanding behavior 
and personality problems is the home situation (physi¬ 
cal, economical, mental, social, educational, ethical). 
The group of problem epileptics (both feeble-minded 
and normal) had almost without exception poor home 
environment. Bad conditions were of the same type 
and as generally present as have been many times re¬ 
ported in groups of delinquent children. Two factors 
were worse in this group chan ordinarily reported in 
delinquent groups: namely, universal economic insuffi¬ 
ciency and presence in the home, in many cases, of 
other behavior problems of mental and health type 
(epilepsy, insanity, feeble-mindedness, etc.).‘“ 
Problem behavior reported might be classified under 
the following general headings: Plypcrkinctic, Emo¬ 
tional and Other Personality Maladjustments, Conduct 
Disorders. 


^^Cnses of two or more of the same family suffering from epilepsy 
were noted (father, mother, and other children in the family). 
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In the Feeble-minded problem group, the hyper¬ 
kinetic behavior was reported in 13 of the 14 cases; 
emotional disturbances in 10 cases; and conduct dis¬ 
order in only 5 cases. The last tendency, namely, not 
to classify Feeble-minded children as conduct prob¬ 
lems, indicates a common tendency to ignore ethical 
implications in case of the feeble-minded and to con¬ 
sider the behavior as a phase of the feeble-minded 
problem. 

In the Normal Problem group (not Feeble-minded) 
hyperkinetic behavior was reported in 18 of the 30 
cases, emotional disturbances in 22 cases, and conduct 
disorders in 24 cases. 

The hyperkinetic behavior was characteristic of the 
problem group as a whole. It included such descrip¬ 
tive statements as: hyperactive, constantly into things, 
fidgets, ill at ease, and talkative. 

Emotional disturbances also were characteristic of 
Normal and Feeble-minded problem cases. The emo¬ 
tional behavior of the Normal, however, was more 
varied with reference to conditioning situations and 
complexity of responses, 

Emotional maladjustments were reported in such 
descriptive statements as: rage, anger, temper tan¬ 
trums; cruelty to children and animalsquarrelsome 
fights, nags; destructive, throws dishes, cuts things with 
scissors; irritable, impatient, high-strung; mischievous, 
teases, pinches, bites, annoys; wanders away,“ runs 

^^One child nearly choked a dog to death. When fingers were 
released he said, “Couldn’t help it." 

^^One boy in Court because of wandering away constantly, 
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away; doesn't get along with other children, shy, hy¬ 
persensitive; paranoid, delusions; attempted sdf- 
injury^ attempted suicide;'" ncgativistic, rebellious, 
moody, stubborn, sulks;'" demands attention, egocen¬ 
tric, center of stage, sclf-cciUcred. 

Conduct disorders reported included: bad toilet 
habits, bad sex habits, lying, stealing, fighting, disobe¬ 
dience, non-cooperation, naughtiness, destructiveness, 
and others characteristic of delinquent and socially 
maladjusted children in general. 

The upset in developing habits was reported and is 
possibly more general than our data show: nail-biting, 
thumb-sucking, masturbation, and speech disorders of 
various types. 

^“Tlirce ciises (10 per cent) uf self-injury aiul attempted suicide 
in 30 Normal Problem epileptics (one cut liis .arm tvitli ;flnss; one 
attempted to throw licrscif in front of car; one was stopped from 
throwing himself from a liigli window of a building). 

^"One boy stayed in a liij'l) tree until jJ P.M, and bad to be 
brought down, because be was angry with liis mother about some 
slight matter, 



VI 

SUMMARY 


In summarizing our observation of behavior disor¬ 
ders in epileptic children we might note the following: 

1. The disorders of personality and conduct are not 
characteristic of all children with epilepsy. A large 
group present normal personality and behave in a nor¬ 
mal manner. 

2. The feeble-minded epileptic is more often con¬ 
sidered a problem than is the normal epileptic child, 
possibly not because of a greater amount of epileptic 
type of behavior, but because his typically feeble¬ 
minded response makes him a problem. 

3. Those individuals in the epileptic group classi¬ 
fied as problems present common types of problem be¬ 
havior namely, hyperkinesis (restlessness, hyperactiv¬ 
ity, talkativeness) and various forms of emotionally up¬ 
set behavior (irritability, temper tantrums, moodiness, 
egocentricity, hypersensitivity and shyness). 

4. Conduct disorders typical of children in good 
health with bad environmental background and un¬ 
satisfactory training are found in the behavior reported 
in the case of problem epileptics; namely, lying, steal¬ 
ing, fighting, sex misbehavior, cruelty, destructiveness, 
etc. 

5. We cannot answer finally the question of the ex¬ 
istence of a typically epileptoid personality and be¬ 
havior. However, if and when an epileptoid person¬ 
ality exists, it may have a variety of explanations. The 
most likely partial explanations seem to be these; 
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a. Epilepsy and the epileptoid personality may 
both be the expression of an underlying constitution 
(the "constitutional" explanation). 

b. The disease process which involves epilepsy 
may alter the personality so as to make it epileptoid 
(the "disease-altering-persanality" explanation), That 
is to say, the epileptic condition imposes itself on 
the personality and produces modifications therein. 
The resulting epileptoid personality is a derivative of 
the personality existing before epilepsy.” 

c. The invalidism and isolation, physical and 
mental, of epilepsy, particularly the self-knowledge of 
one’s condition, may produce the epileptic personality. 
Also other social, economic, mental, and educational 
facts may condition and direct development of abili¬ 
ties, habits, and attitudes (the "environmental explana¬ 
tion"). 

d. Epilepsy may develop on the basis of a pre¬ 
existing epileptoid personality (the "psychogenic"' 
explanation) 

^^Post-cnccplialitic and post-traunintic lichnvlor problems have 
been frequently described. Drayton (7). as already stated, gives 
evidence that post-traumatic changes in behavior arc organically 
determined. 

^®Dridgc (2, p. 724) says that "in order to gain insight into the 
Origin of the peculiarities of tcnipcrament of the epileptic patient one 
must know the family background and social setting in sufficient de¬ 
tail to be able to make distinctions between cause and effect." And 
further he says (p. 735), "In alt prohability the so-called epileptic 
personality is not an entity which bears any specific causal rela¬ 
tionship to the disease, but represents, in large part, the response of 
such patients to the problems and situntion.s which the very nature 
of their disease creates." 

*^“The role of emotion in precipitating attacks in established 
epilepsy is well known, Fremont-Smith (13, p. 234 f.) for example 
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e. The epileptoid personality may in reality be 
the mentally retarded behavior existing in mentally re¬ 
tarded epileptics (the “mental retardation" explana¬ 
tion) . 

Our results give some support to each of the above 
explanations. The problem remains one of isolation 
and study of behavior with each factor controlled. 

6. It is not possible to distinguish in the epileptic 
group of normal intelligence the cases that will become 
problems and present the hyperkinetic behavior and 
emotional upset that seem to characterize the epileptic 
problem cases. We found no significant relation to 
age, sex, causation, or severity. We found more cases 
in the problem group had an early age at onset of the 
epilepsy than did those in the non-problem group. This 
indicates some relation between personality and con¬ 
duct problems and early age of onset or duration of 
the illness or both. 

found tlint in 24 of 36 patients of private practice, whose ages ranged 
from 10 to 53 years, and who suffered major convulsions, emotion 
was a precipitating factor in producing attacks. In eight of these 
cases, major or minor seizures were precipitated by a discussion of 
the emotional dilTiculty involved. Doth organic and Idiopathic cases 
were involved. 
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SUR L'INTELLIGENCE DES ENFANTS fiPlLEPTIQUES 
(Rcfsurn^) 

On a fait dea mesurea de PlntelUgence et des obaervatlona de la per- 
aonnalit^ d'un troupe non choisi de 103 enfanta ^pileptiquea admia d la 
clinjque d'un h&pJtaL Lea sujetBj ont 63 gar^ona et 40 dont I'flge 

a variA au temps du premier examen paychologique d^un an 10 moia i 
14 ana 9 moiSj et dont Page median a M 7 ana 4 moia, Toua aauf un 
ant de race blanche. On a mesurd I’intelligencje ftu moyen de la reyiaion 
Stanford du teat Binet^Simon dnna 92 caa; lea autrea 11 caa h cause d'un 
Qge mental pcu 6lcv^ ont n6cessit£ I'emploi suppl^mcntaire de I'echelle 
Kuhlmann Binet ou dea Gesell ^'Normative Schedules of Development" ou 
de tons deux. 

Pour tout le groupe le Quotient moyen d'lntelligeuce a 61:6 de 83, le 
median de 92,4, ie soixante-qiilnzi^me percentile de 106,4, le vingt-cinquifeme 
percentile de 60,1 et la variation de 11 k 141. Classiliea en nlveaux d'in- 
telligcnce, ieJ meme r6auUata ont c6d6 19,3 pour cent Sup6rieur, 36,6 pour 
cent Moyen, 19,4 pour cent Normal born6 6,8 pour cent aur U Marge, et 
16,4 pour cent Faible d'eaprit, Le groupe entier a 6t6 mentalement d^t^riord 
compart aux groupes de controle non chotais, Ainai, 18,4 pom cent dea 
enfqnia 6pileptiqiies ont Uti faiblea d'e^prJt compart A 1,3 pour cent dea 
dcoliera non cholsis de Los Angeles. De la meme manl^re on a trouve une 
plus grande variability de I'intelligetice dana Ic groupe ypileptlque. On n'a 
trouv^ aucunes r^ponses ^pileptiquea caractyristiques aux tests, 

On a testy de nouveau quaronte-quatre caa h des intcrvalha varianh 
d'un moia k quntre ana 11 moie, I'intervalle moyen entre les testa dtant 
14 mois< Lee comparaisona des mAdians sur le premier test et le second 
ont indiquy une deterioration progressive pour le groupe entier, mats non 
ai grande que cclle g6n6rale5T)ent rapportye par d'autreii ytudlantsr On a 
trouvA une plus grande variation sur lea nouveoux tests individuela pour 
le groupe 6pi1eptlque que pour les groupes de contr61e non cholsis. A 
Fegard de la personnalit6| 44 des 103 cas ont 6ty claasiiiys entre ceux qui 
possAdent des problAmes syrleux et continuels de personna]]t6 ou de com- 
portement ou les deux, Dea autres caa, 45 ont ct6 dea nDn'probl6mea. 
e'est-A-dire, normaletnent adjustya, quatre ont ytl des probUmea incertaine, 
eC dans 10 cas lea donnyes ant ^t^ trap inauflisantes pour la classi/rcatlon. 
On a pu grouper le comportement k problAmc comme l'hyperkin6sle, dea 
mauvaia adjustementB emotifa et d'nutres mauvois adjustementa de la 
peraopnality, et dea dysordres du comportement. Quatorze des 19 ypilep- 
tiques faiblea d'esprit ont Hi des cas dc problAmc. Lea Quotients Moyen.^ 
et McdiDna d'Intelligence du groupe de problAme ont 616 moina 6levea que 
ceux deg caa sapa problfemes. On n'a trouvy aucune relation signlfiante 
entre I'Sgc, le aexe, la causation ou la aev6rit6 dea attaquca et la peraonnalitf. 


Sullivan et GahAgan 
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OBER Dm INTELLIGENT EPILEPTISCMER KINDER 
(Rcfcrul) 

Mci^ungcil dcr Intclligcnz und llcoliadiliingcn iibur die PcrBonlichkcit 
wurdeil bei titxte unausgcwlihhcn Crni(i|jc von 103 epilcptinckcn KIndern 
gciiiBchb die die Kk^nnVenHnuskliiii): beflUcliim, I)i<;se witrcn 63 Knuben 
und ^0 Miidclicii. deren Allcr 7mt Tcit dcr cmlcn paycliologiflchcn Priifung 
sich von I Jnlir 10 Wonflten \m zii 1+ Jnhrcii 9 Moiinien crnrckic und Jeren 
Miuelflllcr 7 Jflhrc 4 Monntc wnr Allc nusscr drei woren weisae Kindct. 
Die Inicliigcnz wurde durcli die Sunford Heviuian dcs Uinel-SIrnGn Teals in 
92 Fallen gcmes^cn, die iibrigen ll Fallc wcgcn dea medrigen gclatiBen 
Allcffl cr/ordcrlcn cinen Nachgcbrnuch dcr Kuldinnnn-Binct Skaln odcr 
dcr Gcicll NormvcucicUnuBc dcr Enlwicktung odci ullc bcldcn. 

Fiir die gnnzc Gruppe war dcr durclMchniulichc IQ HB, dcr Mitiehvcit 
92j4, dcT Kinfundtiicbzigalc Proxcnucil 106,4 lUr (unlundzwmw/igHte Fro- 
zcnLlcj] 6Q,I, und die Kangordnung von 11 bia M-h Wenn die £rBebni$ae 
inNivcHUa dftr InulliRcnit c^lll5c^>^dncl wurden, crgnbcn dicatlbcn Ergcbniase 
19j3 Frozeiit iibcrlcgcn, 36,8 Frozen! durcliadinilllich, 19,4 Frozent stumpf, 
5,6 Prozent an dcr Grerue, und 18,4 Prozent Rcbwrtcbainnlg, Die Gruppe 
Im Ganzen wnr gciallg cnlarici !m Vcrglcicb mit den unauagewiiJiiten 
Konirollgruppcn. Auf dicaer Weuc war IS,4 Prozent dcr cpilcptischcn 
Kinder athwnclialnnig Im Vergleich mit 1,3 Prozeni dcr unauBgewiihlien 
Las Angclca Scliulkindcr, CIciclicrWciBe gnb cb einc grbaserc Verachieden- 
heit dcr Inlclligcnz in dcr cpilcptiacbcn Gruppe. Kcine charnklcristiachen 
cpllcplischcn AiUworlcn mil die TchLh alcllicn sicli bernus* 

Viciuiulvlerzlg FHllc wurden in Abaittndcti von elncm Manat bU zu vicr 
jobren U Monnlca wlcdergcpruft, indem der nurcliaclirilltsabatand 14 
Monne war Die Vcrglciclie lUc MUlelvvcrie bei Jen «r«iicn unJ zwclten 
TcbIb dciilcle Duf cine loracbreUcndc Eninriiiiig fdr die Gruppe hIb Ganzes 
an, nber ale war nicht to groan, wie von anjeren Foracbern nllgemcin 
angegeben wird. Bine grdsacrc Vcrscbicdenlicil bci Indivlducllen Wieder' 
prOfungen wurJe IUt die cpiUpdsebe Gruppe nla fiir die iirniusecwnbUe 
Kontrollgruppc gefunden. 

In bezug mif die Perabniiclikcit wurden 44 der 101 V'Mc uh im Besiiz 
ciner crnslbnflcn und fortdnuercndcn Pcrotinllcbkcit ader Vcrhnlteiiaprob- 
lemc odcr dllc belden bctrnclileh Von den iibngcn Fiillcn >viircn 45 ohne 
Problem, iJ<h. normal aiigepnast, 4 zeigten /rnglicbc Probicme, und in 10 
Filllcn waren die ErgcbniNsc unbinreiclicnd zur Kinordnung. Dan Problcm- 
verhalten klinntc ala Oberbewegung, cinotloncllc und nnderc schlccbtc Per- 
aonliclilceiiaanpaflBungcn, und Vcrhallcnaaldrungcn. Vicrzclm der 19 
achwacbainnigcJ] Epilepliker waren Problcmfrillc. Die Durchacbnitlii- und 
MiUelintcIligcnzquDiIcnicn der Problcmgriippc worcii weniger alii jenc der 
Nlchtprobleinfillle. Kcin bcdeuisamea VerhaUuia zwindicn Alter, Gcsdilccbt, 
Urflcche, odcr Hcftigkeii der Anfollc unti dcr Perudniicbkeit wurdc 
gefunden, ' 
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I 

INTRODUCTION 

■s 

The little child’s play is extremely important to his 
physical and mental well-being; and provision for the 
right kind of play is one of the major duties of those 
caring for young children. There is a very generally 
accepted and practiced theory (1, p. 120) among lead¬ 
ers in the field of preschool education as to the way 
this duty should be met. First there is agreement that 
adults should provide the right environment for play. 
Second they should remain in the background except 
when supervision is necessary (15, pp. 10, 45; 7, pp. 
73, 90; 5, p. 84), This seems to place much responsi¬ 
bility upon the children and upon play materials. 

Some recent studies and observations of young chil¬ 
dren offer justification for leaving the child to his own 
resources in this matter of play—or doing—or learn¬ 
ing. Apparently the little child can be relied upon to 
react (IS, pp. 2, 7), to behave in a patterned way (10, 
p. 302), to experiment with the attempt to master 
(4, p. 86), and to mature at his own rate (11). But 
what do playthings, of themselves, mean to children? 
And what happens when good materials and young 
children are put together and left alone? These are 
questions which face the mother and the teacher as 
they assume the duty of providing a suitable environ¬ 
ment and direct their efforts toward remaining in the 
background and determining whether leaving the 
child to his own devices or giving him the benefit of 

[3S3] 



3B4 


nUR-A-LOUlSH eOCKKBLl. 


superior strength and wisdom will be most helpful to 
him in the long run. 

In order to contribute further to the understanding 
of the play needs of young children this experiment 
was planned to show; (1) vvhether or not a change in 
play environment influenced the reactions of the chil¬ 
dren studied, (2) if so what differences there were in 
the reactions to the various materials presented, (3) the 
extent to which these children could or should be left 
to their own devices; and (4) to find any additional 
information concerning general or individual charac¬ 
teristics of play reactions as demonstrated by the chil¬ 
dren observed. 



II 

PLAN OF THE EXPERIMENT 
A. The Procedure 

The questions just enumerated are most difficult to 
answer because we so seldom see what a child really 
does alone. Parents, perhaps, have more opportunity 
to observe unobserved than teachers or students, but 
their records are rare. Although records and studies 
(14) have been made of the "free play" of many nur¬ 
sery school children, there has always been at least one 
teacher or one observer present and obvious. Even 
though these have been "in the background," it is cer¬ 
tain that their presence was influential. No adult, no 
matter how withdrawn he may attempt to appear, can 
dispel the prestige that even a two-year old has come 
to associate with a grown up, nor can he prevent the 
young child’s attempts either to gain or avoid atten¬ 
tion. While young children adapt themselves to a con¬ 
siderable degree to adult observation, it is also true that 
they are aware of it. It is not known how stimulating 
or inhibiting it is, for it has been impossible to be with 
and observe a child who is alone. 

However this impossibility has been overcome by 
the one-way vision screen, first put to a practical test 
in the Clinic of Child Development at Yale Uni¬ 
versity. Briefly, "The screen functions both as a sieve 
and as a valve. The light, being reflected back by the 
screen, gives the infant no perception of the observer, 
while the perception of the observer penetrates the 
mesh. In summary, the screen allows a filtration of 

[3fi5] 
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light which permits him to observe without being him¬ 
self observed, A mantle of invisibility, after all” (9, 
p. 36). 

With this device available, it was possible to elimin¬ 
ate completely the innueiice of the adult and to plan a 
study of children’s spontaneous reactions to various 
play materials in order t(» see what values these ma¬ 
terials had of themselves for the children and to gain 
some further light upon the theory of "providing a 
suitable environment and leaving the children as much 
as possible to their own devices.” 

The arrangement of the Guidance Nursery at the 
Clinic of Child Development proved well adapted to 
such an experiment. Adjoining the reception room 
through which the children passed daily to the Nur¬ 
sery is a small playroom with an observer’s alcove and 
one-way vision screen. It seems most natural and in¬ 
formal to invite children, at an opportune break in 
their play, to come into the other playroom. It was 
very convenient to go over familiar ground to the room 
which was far enough removed from the nursery to 
be a distinct place beyond the reach of sounds from 
the large playroom, yet so accessible as to offer quick¬ 
ly a change in play environment which was constant 
except for the variation of play materials presented. 
Here it was possible to observe without influencing 
and to seek the answer to the (luestion, "Does the 
mere changing of available toys, the arrangement of 
environment, influence children's behavior?” 

There were, at the time of this study, six children 
in regular daily attendance at the Guidance Nursery, 
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The bfickgrounds and brief pasts of these six children 
were well known, and they were chosen to form the 
permanent nursery group because of their normal 
physical and mental development and their good emo¬ 
tional adjustment. 

The experiment consisted in seeing each one of these 
children first with every other child in the nursery 
group and then alone in six different play settings. 
Four of the settings consisted of only one type of play 
material, one setting offered only a bare room, a table 
and two chairs, while the final setting was a combina¬ 
tion of the four different play materials. Since the 
children were entirely free to leave whenever they sig¬ 
nified the desire, these play materials were each tested 
as to how long they could hold the children, how great 
a variety of activities were performed by the children 
with them, and how socially acceptable these activities 
were. Each material was seen under the same condi¬ 
tions in the same room with the same children, and the 
records were justly comparable. The actual observa¬ 
tions in the experiment covered a period of four months 
and six days from November 25, 1930 to April 1, 1931. 
The various materials were presented alternately over 
this period so that the children did not know what they 
would find in the playroom. This scattering of the 
presentation of materials also eliminated any possi¬ 
bility of the increasing ages of the children influencing 
their reactions to one material more definitely than it 
did to the others. 

In order to obtain usable information the children 
were seen under controlled conditions only when they 
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were physically well and emotionally adjusted. Since 
the children were allowed to attend the Guidance Nur¬ 
sery only when they were physically well, and since 
they were examined upon arrival each day, this first 
condition was easily met. 

The second condition required careful consideration 
of the children and tactful approach. However, in prac¬ 
tice it, too, was easily met, for the children were well 
adjusted and happy in the program provided for them 
in die nursery. They considered it a privilege to be 
invited into "the other room to play." In fact it was 
a favor often requested. Many times the examiner had 
to explain "Connie and David arc coming now, you 
may come another time." At other times, a nod of 
greeting from the examiner was misinterpreted and a 
third child would be running toward the door as well 
as the chosen pair. 

The very consistent cooperation of the Guidance 
Worker was of prime importance in maintaining this 
attitude in the children, She always presented the pos¬ 
sibility of going to the observation room as a delight¬ 
ful one, and also cooperated in many ways in helping 
the examiner take advantage of natural breaks in the 
child’s activity. The children were taken from no un¬ 
usually engrossing occupation or necessary routine pro¬ 
cedure. They were asked to leave the play room only 
at a natural break in^their activities. The best time, of 
course, was to ask them to come and play immediately 
after their arrival in the morning. Another satisfac¬ 
tory time was immediately after the morning rest 
period. Often they were seen in the midst of the morn- 
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ing play period. In this latter case the examiner waited 
until they had finished their activity, or suggested that 
when they were through they might go and play. This 
suggestion resulted almost always in a very swift "fin¬ 
ishing.” There were two instances of the use of coer- 
cion^ both occurring the first time the children were 
asked to "play." In one case Connie hung back. She 
was carried within sight of the playroom door by the 
teacher, who explained where she was to go and put her 
down to run willingly to the door. This willingness 
persisted throughoat the experiment. At another time, 
David entered the playroom, not because he wanted to, 
but because his teacher requested it 
The verbal formula was a very simple and natural 
one. The first few times the Guidance Worker ex¬ 
plained to the chosen children that there were some 
things to play with in the other room and they might 
go to them. The examiner led the way to the door, 
entering into any natural and cheerful conversation 
that arose. As the door of the playroom was opened, 
she said, "Here are some good things to play with. 
You may play as long as you want to. Come to the 
door and call me when you are through.” A few in¬ 
stances of hesitancy brought the reassurance, "You can 
have a good time,” or "Just call me. I will hear you," 
In a short time the children were thoroughly familiar 
with the proceedings and the formula was naturally 
simplified. 

In planning the procedure, several situations were 
listed, any one of which concluded the observation. 
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L Children calling (second time) 

2. Physical danger 

3. Danger of an emotional upset 

4. Destructive activity 
Inactivity 

But in practice the conclusion of an observation was 
much simpler. The problem of inactivity never pre¬ 
sented itself, There was no destructive activity. Twice 
the examiner stopped the observations because there 
was possible physical danger. Thirteen out of 216 ob¬ 
servations were stopped because of an emotional upset, 
crying or quarreling or both. Twelve of the observa¬ 
tions were stopped because of routine matters, toilet 
needs, need of handkerchief, or lunch time. These 
latter observations lasted for an unusually long time, 
The remaining 189 observations were definitely and 
calmly stopped by the children calling the examiner 
or going to the door and announcing "All through." 
Often a child called and then continued to play. The 
first call was ignored, but the second call was invariably 
answered If both children wished to leave. Usually 
when one child suggested going, the other was ready al¬ 
so, but in several cases a child succeeded in getting his 
companion to play a while longer. In these 109 cases, 
the observation did not cease until the motion to ad¬ 
journ was unanimously accepted. The length of ob¬ 
servation was dependent upon the children’s ability to 
keep themselves happily occupied with the material. 
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B . The Children 

The six children who served as subjects for this study 
were highly selected, However they represent a pre¬ 
dominate type in many American nursery schools. 
Since the children in this group were chosen because 
of their normal physical, mental, and emotional de-^ 
velopment and because of the cooperativeness of their 
parents, they made excellent material for child study. 
This was especially so because many records of their 
development and of their experiences in nursery school 
and at home were available. , 

Each child had been given one or more develop¬ 
mental examinations at the Yale Clinic of Child De¬ 
velopment before this study began. By the time the 
observations were finished, each child had been given 
another examination. These examinations were sup¬ 
plemented by interviews with parents. Records were 
kept of the children’s adjustment, reactions, activities, 
and interests in the nursery. These records included the 
previous year for three of the children. In addition 
the experimenter saw every child at play in his own 
home and detailed records were made of their play 
opportunities and equipment. The parents were ex-' 
ceptionally cooperative in giving reports of play at 
home, They were also interested in the experimental 
procedure. Eight of the parents were observers, at one 
time or another, during the experiment and the inci¬ 
dents related after an observation or after the children 
were brought to the nursery proved very valuable. 

The home visits and records showed the ranking of 
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the homes of these children to be high according to the 
extended Whittier scale used by Freeman, Holzingcr, 
and Mitchell (8, pp, 23'Z33). Three of the homes 
had an index of 26, two of 25, and one of 24. The high¬ 
est index obtainable by this score is 27. This was not 
reached because none of the children came from a lux¬ 
urious home. In every case the home conditions and 
provisions for the child were superior. The latter 
included outdoor play space for all of the children, 
separate play rooms for four of the children, a shared 
nursery for one, and a play corner for another. The 
fathers of these children were all of professional rank. 
All of the mothers were home makers, though two of 
them were also teaching and two were in secretarial 
work. Each child was the first born in his family, and 
five of the six were only children. The family history 
of every child is rated ns superior in the records of the 
Clinic of Child Development. 

Medical examinations showed all of the children to 
be normal physically. The developmental histories, 
as reported by the mothers, were normal for three 
children and advanced for three. In the developmen¬ 
tal examination two children were r.ated as high aver- 
age, suggesting superiority. Two others were rated as 
high average, suggesting superiority, in the earliest 
examinations with superiority definitely established in 
the later examinations. Two children were rated as 
superior, Every child was considered well adjusted 
emotionally. There were, of course, outstanding per¬ 
sonal differences but the records from the homes and 
the Guidance Nursery showed the children presenting 
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and overcoming the problems normal to their various 
stages of development, and responding happily and 
with well-rounded growth to the provisions for their 
care. 

In. family histories, native endowment and environ¬ 
mental advantages, the children were highly compara¬ 
ble. The greatest deviation in the group was in the 
age factor. But the experiment included an age range 
of particular interest to nursery schools; from just past 
two to almost four. (In order to assist the reader the 
children have been given names which correspond al¬ 
phabetically to their order by age.) 


TABLE 1 

Age Range op the Children in the Experiment 


Child's nnme 

Age at the 
first observation 

Yeara Months Days 

Age at tho 

Uat observation 

Years Months Days 

Andrew 

3 

6 

10 

3 

10 

16 

Barbara 

2 

11 


3 

3 

€ 

Connie 

2 

10 

9 

3. 

2 

IS 

David 

2 

6 . 


2 

10 

6 

Edward 

2 

4 

a 

2 

6 

U 

Frank 

2 

2 

2 

2 

6 

9 


G. The Materials 

The materials used were chosen because they seemed 
to be often provided at home and in schools, for the 
indoor play of young children. They were also se¬ 
lected because a representative of each type of toy was 
possessed by every child observed in the experiment. 
While two of the boys owned no dolls they possessed 
teddy bears and doll dishes. Two of the children had 
a good supply of modeling clay, one had possessed 



394 


DURA'LOUiaH COCKRBLL 


plasticine and all of the children, except one possessing 
clay, had been given dough to play with. Blocks and 
books were owned by all. The three children who had 
attended the Guidance Nursery the previous year had 
had extended experience with all of these play ma¬ 
terials and all of the children had access to them 
throughout the time of the observations. Because of 
this it was felt that the possible effects of novelty were 
eliminated. 

The materials presented were; housekeeping ma¬ 
terials, blocks, pictures and books, clay and crayons, 
companions (no play material in the room), combined 
materials, While the selection of these toys was based 
solely upon judgment it agrees interestingly with the 
report of a survey made by Skalct of the play equip¬ 
ment in the homes of children bcivvecn (he ages of two 
and four years which appeared after the observations 
for this study had been made (12, pp, 258-260). From 
a list of 21 kinds of toys, dolls, doll dishes, and doll fur¬ 
niture was the type most frequently found; picture 
books were second; blocks, including boards and boxes 
were third; and handwork materials, crayons etc., were 
ninth. 

The arrangement of the materials in the observa¬ 
tion room had two aims which contained possible ele¬ 
ments of conflict, It was necessary so to simplify the 
setting that no material (except in the last situation) 
would be overshadowed by another, and the children 
would be forced to use a certain type of material or 
none at all. Also, it was necessary to provide a setting 
which was of sufficient interest and offered enough 
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possibilities to the children to make the trip from the 
Nursery worth while and worth repeating. 

The choice and arrangement of materials was neces¬ 
sarily arbitrary. An attempt was made to make the 
room attractive and conducive to activity. Three con¬ 
ditions were always met. First, the room was entirely 
cleared except for the material to be presented. A low 
table and two chairs were constantly present. Second, 
there was enough of every material for two children. 
There was not only enough of each material but the 
divisions of material were obvious and usually identi¬ 
cal. This not only gave each child a chance to use any 
material as much as he wished, but it lessened chances 
of friction. The third condition constantly met was that 
each group of materials was arranged in the observa¬ 
tion room in the same way for every combination of 
children or for a child alone. 

Description of Housekeeping Materials, A set of 
unbreakable doll dishes (two cups, two saucers, one tea 
pot, a sugar bowl, and a cream pitcher) ; two doll car¬ 
riages (identical, metal carriages, with rubber-tired 
wheels); two doll blankets, two unbreakable baby 
dolls; one small chest containing one doll blanket, 
a doll dress, skirt, and bloomers. 

The table was placed against the center of the north 
wall so that it was immediately visible when the door 
was opened. On the table were the dishes arranged 
with a cup and saucer at each end, the tea pot, cream 
pitcher and sugar bowl in the center. The small chairs 
were drawn up beside the table and a doll was seated 
in the chair which faced the door. In the northeast 
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corner of the room was one carriage with a folded 
blanket hanging over the side. The other carriage, 
with a blanket arranged in the same way, was in the 
opposite corner. The chest was against the south 
wall. The large blanket and extra doll clothes were 
folded and put inside the chest. The second doll was 
seated on it. 

In this situation, as well as the others, an attempt 
was made to have the room look interesting from the 
door, to have the materials easily available and to have 
the materials concentrated in the east end of the room 
so that the children would always be within view of the 
observer and yet would not be tempted to experiment 
with the screen. The table and chairs were always so 
arranged that if used in that position, the children 
would never have their backs to the screen. 

Descriflion of Block Set ling. Three different types 
of blocks were arranged for the children to play with: 
Six hollow floor blocks, 12x10x6; smaller solid floor 
blocks. (These were yellow, blue, red, green, orange, 
and purple in various shapes, some 7x3^xlj4, others 
3j4x3xlj4; two types of cylinders, 3^ inches long 
or 7 inches long; and three larger colored blocks 
I5x7xlj^,) These were all placed in a large wooden 
box having castors and an opening in two sides for 
handles. The three large colored blocks were placed 
on the floor beside the box; two small boxes of the 
Embossing Company's cubes, sixteen in a box; three 
unpainted planks, 48x7HxJ<i. 

The room was arranged with the largest, hollow 
floor blocks piled irregularly against the north wall. 
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One wide plank was slanted from a block, The other 
planks were in two piles on the floor, one pile consist* 
ing of the two remaining wide planks, and the other 
of the three narrow planks. The big box of colored 
blocks was across the southeast corner of the room. 
The three largest blocks were on the floor beside the 
box. The table was placed with a long side against the 
south wall. It was near the door. The two chairs 
were at the west and north sides of the table and the 
two small boxes of blocks were placed before the 
chairs. Two blocks were removed from each box and 
placed in a tower at its right-hand side, 

Description of Books and Pictures Setting, Materi¬ 
als: two large linen books; "A.B.C, Book,” “Trains 
and Ships”; two small paper books: Lean's “Nonsense 
Book,” “The Golden Goose”; two identical boxes of 
medium size containing pictures cut from magazines 
and mounted on cloth; one small decorated box of 
very small pictures mounted on cloth; one large box 
of much larger pictures, unmounted; the chest, 

This time the table was placed in the center of the 
room. A chair was at each end. On the table in front 
of each chair was a linen book. The two medium sized 
boxes were placed one on the other, irregularly, so that 
there were obviously two. The two small books were 
also in the center of the table. The boxes and books 
were so arranged that there was ample room for turn¬ 
ing pages of the large linen books. The chest was oppo¬ 
site the door against the north wall. The small box of 
tiny pictures was on it, as well as two large pictures. 
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On the floor near by was placed the largest box of pic¬ 
tures. The chest was empty. 

Description of Clay and Crayon Setting, Materi¬ 
als: Two clay boards; two irregular lumps of clay, 
about one pound in weight; two boxes of Jumbo 
octagonal crayons; two piles of manila paper. The 
table was cross-wise in the center of the room, so that 
a child might sit at cither side or end and not have his 
back to the screen, A lump of clay on a clay board 
was placed on each side of the table. A pile of paper 
and a box of crayons, with the lid off so that the cray¬ 
ons were in full view, were placed at each end. The 
chairs were at opposite corners of the table and could 
be pulled as easily to the clay as to the crayons. 

Description of "Companion” Setting, Materials: 
the tables; two small chairs. This setting was bare 
and simple. The table was near the north wall. One 
chair was at the end of the table and one at the side. 
The table was not pushed flat against the wall, No 
other material of any sort was in the room. 

Description of Combined Materials. Materials: 
low open shelves; one set of dishes; two books, one 
large and one small; two boxes of pictures, one me¬ 
dium, one small; one clay hoard, a large lump of clay; 
a pile of paper; a box of Embossing Company’s blocks, 
large size, 36 in a box; two dolls; one carriage and 
blanket; the chest and extra doll clotlies; six floor 
blocks. In this setting each of the previous situations 
was represented. The shelves were against the north 
wall. The set of dishes was arranged on the top shelf, 
with the tea pot, sugar bowl, and cream pitcher in the 
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center, and a cup and saucer at each side. The next 
shelf contained the clay board and clay, two books and 
the boxes of pictures. On the bottom shelf were the 
box of blocks, a pile of paper and a box of crayons, 

The table was lengthwise across the room, with a 
chair at each end. In the northeast corner was the 
irregular pile of floor blocks. The doll carriage was 
in the southeast corner of the room, and the chest con¬ 
taining the clothes, with the two dolls seated on top, 
was near by. This set-up was similar to many home 
playrooms for young children, thoughtfully but not 
elaborately furnished, 

D , The Recording 

In order to establish methods of procedure and 
recording, 17 observations had been made of children 
alone in the Guidance Nursery of the Clinic of Child 
Development. Eleven different children were seen 
in various combinations of five, three, two, and one. 
Nine different materials were presented to the chil¬ 
dren. This preliminary study could only offer indica¬ 
tions, but they were definite and interesting enough to 
provoke further investigation. The tangible results 
of these observations were a system of recording, a 
selection of materials, and the plan of further pro¬ 
cedure. 

The method of recording grew from a diary record 
form which presented the whole picture of the chil¬ 
dren's reactions, physical, verbal, and emotional, while 
they were under observation. This whole picture was 
extremely desirable, but the method involved and re- 
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quired a great deal of interpretation when records were 
compared. However, one very objective and meaning¬ 
ful piece of information which could be drawn from 
the diary record was the number of different uses found 
for the material and the variety of activities performed 
by the children. Aiiotlicr very objective and compara¬ 
ble part of the data was the time element. The num¬ 
ber of minutes children voluntarily stayed with various 
toys was a measure of the interest the toys held for 
them. However, merely noting the time spent in the 
room was not a complete indication of the “holding 
power" of the material, for the children spent vary¬ 
ing amounts of time in attending to one another, in 
running about and other innumerable activities in no 
way related to the material at Jiand. These activities, 
when closely observed, were matters of seconds, not 
minutes. 

This was brought out over and over, For instance, a 
diary record would note, “Child enters the play room, 
sits on the low bench, kicks his heels against the bench- 
side and looks around the room. Then he runs to the 
floor blocks and piles one upon another, saying ‘one 
here—one here'. The blocks fall." 

When this activity was recorded with a stop watch, 
with numbers indicating minutes and seconds from 
time of entering the room, the record became: 

Enters room 0- 00 

Sits on bench 0-10 

Kicks heels 
Looks about 
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To floor blocks 

0 -30 

Piles blocks 


Talks 


Adds third block 

1 -50 

Talks 


Adds 4th block 

2 -10 

Adds 5th block 


Adds 6th blocks 


Blocks fall 

2 -45 


In the diary record the twenty seconds of heel kick¬ 
ing vied in importance with the two minutes and fifteen 
seconds of constructive block play. Even to record 
this to the nearest minute would skew the picture de¬ 
cidedly, for the bench-sitting and heel kicking would 
appear to be half as long as the block play when in 
reality it was less than one-sixth as long. Therefore the 
practice became to enter time to the nearest five sec¬ 
onds. 

The diary records included much language. This 
was very enlightening but often so constant that record¬ 
ing it sacrificed other activities and details more 
important, It was decided to make no attempt to record 
language in any completeness, but to list “talks" as an 
activity, just as “sings,” "cries,” or “runs” was listed. 
Actually, many remarks were recorded verbatim when 
it was practicable and they were pertinent. 

The recording of time and the listing of activities 
in a running account gives very definite quantitative 
data by which to judge the value of materials for chil¬ 
dren and the children’s ability to use materials. Since 
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the activities could be classified as socially acceptable 
or non-acceptable, a still further criterion was added as 
a basis for judgment. 

This type of record, with the entry of time in small 
units, was impossible to keep for several children using 
a variety of materials. But the arrangement of only 
one type of material in an otherwise bare room made 
that material the center of attention, and the use of it 
by the children comparable to their use of some other 
material presented in the same way, and had the addi¬ 
tional value of simplifying the recording, 

It was found to be possible to record very fully the 
behavior of two children, but not more than two, in 
such El controlled situation, The method adopted 
finally was that of recording observations in parallel 
columns for the two children observed, The Items 
noted were (1) material approached (approached was 
interpreted as meaning attended to and within reach), 

(2) the time of approach (to the nearest five seconds); 

(3) shifts in activity while with the material, and (4) 
the time of the shift in activity (Record No. 75). 

After the final method was decided upon, five obser¬ 
vations were recorded to give the examiner further 
practice in the use of the method. Two of the observa¬ 
tions were on one type of material, "housekeeping 
materials," and three of the observations were of "com¬ 
bined materials," a more difficult but a possible set-up 
to record. The use and comparability of such records 
were further tested in the fact that four of the five 
observations consisted in seeing one of a pair of iden¬ 
tical twins with another child in a play situation, and 
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then seeing the other twin in the same situation with 
the same child. The resulting records not only pre¬ 
sented a clear, whole picture of each twin’s reactions, 
but they were quantitatively comparable. 

Reliability of the Records. Since every observa¬ 
tion included in this study was recorded by the experi¬ 
menter, it is safe to assume that each record is com¬ 
parable to any other and that the percentage of error 
is constant. But to test further the reliability of the 
method and the ability of the experimenter to record, 
simultaneous records were taken. There was very 
definite agreement in time and in number of activities. 
The records used as a check were made by a member 
of the Clinic staff. One time the method was for the 
experimenter to take the record as usual while the sec¬ 
ond recorder made a check mark for each activity— 
that is, shift in activity. When the recorded activities 
were counted there were 36 for Barbara, and 27 for 
David. The number of activities checked was 36 for 
Barbara and 29 for David, indicating that the entry of 
time and writing of records did not cause the overlook¬ 
ing of an appreciable number of activity shifts. 

Another record covering 23 minutes gave 58 time 
entries for Edward by the observer and 61 entries by 
the second recorder. The observer had 60 time entries 
for Connie while the second recorder had 58. Of these 
time entries the observer had 20 designating definite 
shifts from one material to another, while the second 
recorder had 21 for Edward. All of the recorded 
shifts agreed as to material approached, 13 agreed 
exactly as to time, while 6 differed by five seconds and 
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one diflfered by ten seconds. For Connie there was 
even closer agreement in shifts. Twenty-eight shifts 
agreeing as to material approached were recorded by 
both observers. Eighteen of these shifts agreed to the 
second, seven differed by five seconds, and three dif¬ 
fered by ten seconds. Of the totals of seconds spent 
with material, taken from these simultaneous records, 
42 agreed, 28 were five seconds oflf, and six differed by 
10 seconds. 

The several Instances of five seconds difference 
seemed due to the fact that when the hands of the stop¬ 
watches were approximately midway between two 
numerals one recorder noted the number ahead, while 
the other entered the numeral just passed. 

The general picture of the type of play, the activi¬ 
ties with each material, the material holding the child 
a long time, and the material holding him but a short 
time agreed consistently and gave further evidence 
that the method of recording was valid and usable. 

Record No, 75 Record No. 75 

Clny and Crayons 

/In drew B arbara 

Doth at the chairs 0-00 
Pull chairs to the clay and sit by 
the table 

(The sim is sliininu on the 
table.) 

"Sunsliinc.” 

‘ Qotl) pull pieces from the lump 

of clay. 

"I goin' make an Knstcr 
rabbit.” 0-15 
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make his shoes/' 

Rolls some clay 

'‘^Mlne's going to be a big 
one/^ 

Andrew sticks his Toll 
on the lump 1-15 
"LoolCj I makin* a Easter 
rabbit." 

Rolls a piece again 
"Roll It this way." 

Rolls swiftly 
"Do that/' 

"Pm making an Easter rab¬ 
bit" 1-50 

Sticks two pieces firmly 
together 2-00 

Pinches at the pieces 
2-15 

Molds them with his 

fingers 

Andrew continues with 
his clay 

Pats the clay fiat 2-45 
Rolls it between his 
hands 2-50 

Continues rolling the 
clay 

Still rolling 3-10 

Presses it onto his lump 

"I^m through." 3-30 


"I make a shuah rabbit." 

(looks questioningly) 
"Didn’t I?" 0-35 

Also rolling clay 0-40 
"Mine gonna be a big one." 
Laughs 1-0-0 

Still rolling clay 

Pinches some off 1-25 


Is also rolling 1-40 

"I are too." 

Watches the way An¬ 
drew works 

"I have something." 

Holds a piece toward 
Andrew 2-25 

"I make a rabbit." 


Also pats 2-SO 

Pats her clay again 

3-00 

Holds a piece toward 
Andrew 3-20’ 

"I’m not." 

Drops a piece and gets 
it 3-35 

Rolls it 
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'“When I get this donc,*^ 
He rolls fl large piece 
about two indies 
long. 

**Look wimt I mnkiii'." 

3-55 


Sticks it on the lump. 


'I made Q candle." +’■10 

"I tnakin* candle." 4-\5 

Takes a larger piece of 

Rolls clay 

clay 


Makes rt bigger roll 


Calls once 

"I not goin out/' 4-35 

Continues with the 

To the crayons 4-40 

clay 


Pats the clay 


Also pulls a box near 

Sticks 11 crayoU in her 

+-50 

clay 

Takes the white crayon 


4-55 


Marks on the board 


Marks on the lid 


Marks on the paper 

Marks on the lid 5-05 

"Lodklt/' 

Singing 

Marks on the box lid 

Marks inside the lid 


5-25 

Calls 5-30 "Don't call Miss Cockrell." 

Mnrks 


Puts the ernyon in the 
box 

"1 goin' out/' 5^5 

To the door Also to the door 5-50 

Calls Cnlla 

(Observation ceases 6-00) 

E. The Tabulation 

The records taken in this way contained definite, 
full information concerning the behavior of the chil- 
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dren in a certain setting, but this information was not 
observable at a glance and the records were not imme- 
diately comparable. Therefore methods of tabula¬ 
tion were devised. The running account of each 
observation was recorded in two organized forms | the 
first a time graph, and the second an activity chart. 

The record of an observation, following as it did 
the swiftly changing activity of the children, accounted 
for the way time was spent during the observation, but 
it was difficult to ascertain quickly the total amount of 
time spent with any one object in the room; and the 
mere addition of seconds was apt to become confused 
because often a child would be attending to or using 
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more than one thing at a time, A need was felt for a 
graphic way of presenting the division of time which 
would preserve the picture of quickly shifting activity 
and also make clear the incliisivcness ns well as the 
length of the interest span. 

The time graph fills this need. Examples are given 
in Figures 1 and 2. The graphs for a single observa¬ 
tion consisted of two parallel graphs, where two chil¬ 
dren were observed, one for each child, corresponding 
to the parallel columns in the records. The numbers 
running horizontally on the graph itulicale minutes. 
Each square represents 60 seconds and time can be 
graphed to indicate the five seconds rccorclccl in the ob- 
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servation. Vertically there is listed every object in the 
room including “self" and “companion." By glancing 
along the row representing any object one can quickly 
discover the total number of seconds spent with the ob¬ 
ject and see how long or how short the attention spans 
are. Vertically on the graph it is easy to find what the 
children are attending to during any given five seconds 
and also how many or how few things were attended to 
at any one time. Since the records included the time en¬ 
tries the graphs were readily compiled. Some ques¬ 
tions, however, were presented. Very occasionally a 
shift in activity would be recorded without a time en¬ 
try. These were obviously brief ones such as “an¬ 
swers companion" or “looks toward window." It was 
decided to graph any activity recorded without a time 
entry as being five seconds in duration since no smaller 
unit of time was recorded and the attention span was 
evidently so short as to make the recording of time 
difficult. 

Shifts of attention from material to material were 
easily recorded. They were marked by the children’s 
overt acts of touching a material or looking at it, or 
both. But attention to companion was not always so 
clearly determined and required more defining.^ Some¬ 
times the attention was indicated verbally, sometimes 
by a gesture. After considering the many ways of 
noticing the companion which were included in numer¬ 
ous records the following were adopted; 

lOther investigators have met diffieulty in defining and timing 
social responses, i.e., BoU (2, p. 81). 
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1. Actual physical contact with companion 

2. Exchange of objects with companion 

3. Simultaneous use of an object with companion 

4. Response to companion (either verbally or 

by change of activity) 

5. Attempt to change companion's activity 

6. Watching companion 

Any one of these criteria was considered sufficient 
basis for recording. The first four always involved 
both children observed. The last two might involve 
only one child. The fifth criterion is somewhat de¬ 
pendent upon interpretation, Response to companion 
is definite and follows a successful attempt to change 
another’s activity. But besides these successful efforts 
in directing the behavior of another, there were fruit¬ 
less attempts to command or instances of "bidding for 
attention" which were so definite as to necessitate con¬ 
sideration. Since two- and three-year olds are not par¬ 
ticularly subtle in attempts to direct or gain attention 
and since the one examiner made all interpretation 
it is felt to be consistent. 

Play alone, graphed as "self,'' was that play which 
concerned neither the material in the room nor the 
companion. Such activities as trotting around the 
room empty-handed, running and sliding, sitting on 
the floor, and chanting were considered as "self-play". 

With these definitions established and the graphs 
made, an analysis of the distribution of time under 
various categories was made possible. A significant 
division of time, both to psychologists and educators, 
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is the attention span. Most of the studies of the play 
of preschool years have considered this of major im¬ 
portance and two recent studies of preschool children 
have dwelt with it exclusively (6, 13). But again a 
definition was needed. 

Although the study of the interest span of preschool 
children by Herring and Koch appeared after much 
of the experimentation and graphing in this investiga¬ 
tion was completed, it was found that the time graphs 
indicated interest spans as defined by these authors 
and their definition was adopted because of its suita¬ 
bility and in order to facilitate comparison of results. 
Their explanation is; 

**It is probably clear that from our point of view one ac¬ 
tivity was differentiated from another primarily on the basis 
of the toy which centered it^ i.e., a child was considered to 
have shifted his interest when he turned from one toy to an¬ 
other, Sometimes, however, two toys were employed simul¬ 
taneously , , . . Under these circumstances when a shift was 
made from the activity combining two toys to an activity in¬ 
volving only one of the toys and that one not the toy 
around which most of the previous play had seemed to focus, 
such a shift was recorded as initiating a new activity. Thus 
if, after hauling the acorns to an imaginary town in the truck, 
the child suddenly attempted to throw acorns through a tran¬ 
som we took the stand that he had engaged in two activities 
instead of one (13, p. 253). 

In this definition shift in interest and shift in activity 
are considered to be the same. In the present study 
activity is given a more limited meaning which will be 
fully discussed. But, since a child was considered to 
have shifted his interest when he turned from one toy 
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to another, the method of graphing records the Interest 
span as Herring and Koch defined it. 

The activity charts follow a simpler plan. A chart 
was made for each observation of each child. Again 
every object in the room was listed including "self" 
and "companion." Under each object were tabulated 
the activities the child carried on in connection with 
that object, The same six criteria listed for the time 
graphs (p, 27) were used to determine what activities 
to list under companion. But again there was the diffi¬ 
culty of tabulating an activity which involved both 
objects and the companion such as "pretending to pour 
tea for the companion." In such cases "pours for C" 
was listed under "dishes" and under "companion" and 
WPS ringed under "dishes" so that one activity would 
not be counted twice, From these charts could be 
found the total number of activities connected with 
one object, the number of activities performed by one 
child during one observation, the variety of activities, 
and the repetition of activities. 

It was necessary, in making these charts, to define 
activity. The children presented a picture of continu¬ 
ous activity, which was ever-changing and had definite 
shifts, but never a clear-cut break. The records noted 
shifts from one material to another or shifts in type 
of activity with a single material. The time graphs 
presented the shifts from material to material. The 
activity chart listed every change in activity recorded, 
using the word descriptive of that change and counting 
each word as "an activity” because the phrase is sim¬ 
pler and more usable than "A shift in activity.” 
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Neither the records nor the activity chart attempted to 
consider the many motions made by the children, Since 
“activity” is to be used continuously throughout this 
study, an example of its meaning will be helpful. In 
Record No. 75 the observation made for Andrew be- 
tween 1-50 and 3-30 is tabulated as; 

day 

2 pieces together 

Pinches 

Mnlds 

Pats 

Rolls 

Presses 

Talks 

In the record it will be seen that “rolls” is recorded 
three times, but it is called only one “activity" under 
“clay” in the chart, for, though it continued long 
enough to be mentioned three times, there was no 
change in the activity. A sample activity chart is given 
(page 32). Here it will be seen that “pats" is counted 
“one activity," “rolls," another, but more accurately 
they are different expressions of a continual flow of 
activity, the end of one marking the beginning of 
another. 
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COMPARATIVE VALUE OF PLAY 
MATERIALS 

A. ClIILDllKN’S PUEFEUENCK FOR MATERIALS 

The method of procedure and observation just de¬ 
scribed subjected each of the selected play materials 
to controlled conditions which were very nearly identi. 
cal. The recording and tabulation preserved and 
organized the resulting reactions of the children so that 
they were quantitatively comparable and offered a 
basis for the evaluation of the materials. The first 
piece of information available was that of preference. 
A play material has met a severe test if it has held chil¬ 
dren in an otherwise bare room even though they were 
entirely free to leave at any time and return to an at¬ 
tractive and beloved nursery, The play materials 
selected for this study were put to such a test that the 
number of minutes the children remained in the room 
with each material provided an objective measure of 
the “holding power" of the various materials and a 
measure of the children's preferences (Table 2). 


TABLE 2 

NUMBEa OF MlNUTIiS Sl'ENT WiTH EaCII MATERIAL 


Rank 

Material 

Minutes 

Multiples of time 
for companions 

I 

Comliincif iiiatcn'nis 

m'A 

2.7 

II 

Clay and crayons 

673 Jd 

2.3 

III 

Pictures and buoks 

479 

1.6 

IV 

Blocks 

461 

1.5 

V 

Housekeeping materials 

381 

1.3 

VI 

Companions 

All materials 

287^ 

3,069 

I 


[ 416 ] 
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A. compatison of the total nurnbet of minutes re¬ 
corded for each material under the controlled condi- 
tions of the experiment shows distinct differences. To 
facilitate this comparison the minutes in Table Z are 
also expressed as multiples of the time for Companions, 
showing the relative holding power of the materials. 
Ordinary observation would lead to the conclusion that 
children would willingly stay in a well-supplied play 
room for a longer time than they would in a room offer¬ 
ing nothing to play with. But the other situations 
included materials accepted by nursery schools as good 
play equipment. Yet they have different values to the 
children as judged by this method. 

In order to check the reliability of these records 
further the data were divided into halves as a substi¬ 
tute for repeating the experiment. Division was made 
by the odd-even method, and, as additional check, by 
children's ages so that figures for the three younger 
children were compared to those for the three older 
children. The complete records’® include this double 
test for every table presented in this report. That the 
differences in time spent with each material as shown 
in Table 2 are reliable ones was shown when the 
materials maintained the same rank when divided by 
the odd-even method and remained constant when 
judged by time for the three older children or the three 
younger children. 

It is evident that, of themselves, clay and crayons 
are interesting to these children for a longer .time than 

^Complete tables arc in the dissertation filed in the Library of Yale 
University* 
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A , CinLDiuiN''s Phei'erence for Materials 

The method of procedure and observation just de¬ 
scribed subjected each of the selected play materials 
to controlled conditions which were very nearly identi¬ 
cal. The recording- and tabulation preserved and 
organized the resulting reactions of the children so that 
they were quantitatively comparable and offered a 
basis for the evaluation of the materials. The first 
piece of information available was that of preference. 
A play material has met a severe test if it has held chil¬ 
dren in an otherwise bare room even though they were 
entirely free to leave at any time and return to an at¬ 
tractive and beloved nursery. The play materials 
selected for this study were put to such a test that the 
number of minutes the children remained in the room 
with each material provided an objective measure of 
the "holding power" of the various materials and a 
measure of the children's preferences (Tabic 2). 

TABLE 2 


Numdbb. of Minutes Spent With Each Material 


Rank 

Matcrijil 

Minutes 

Multiples of time 
for companions 

I 

Combined matcrjRjs 

my2 

in 

II 

Clay find crayons 

673J^ 

2.3 

III 

Pictures and books 

479 

1.6 

IV 

Blocks 

4611^ 

1.5 

V 

Housekeeping mfUcrifils 

381 

1.3 

VI 

Companions 

All materiiils 

287 

3,069 

1 
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A. compafison of the total number of minutes re¬ 
corded for each material under the controlled condi¬ 
tions of the experiment shows distinct differences. To 
facilitate this comparison the minutes in Table 2 are 
also expressed as multiples of the time for Companions, 
showing the relative holding power of the materials. 
Ordinary observation would lead to the conclusion that 
children would willingly stay in a well-supplied play 
room for a longer time than they would in a room offer¬ 
ing nothing to play with. But the other situations 
included materials accepted by nursery schools as good 
play equipment. Yet they have different values to the 
children as judged by this method. 

In order to checlt the reliability of these records 
further the data were divided into halves as a substi¬ 
tute for repeating the experiment. Division was made 
by the odd-even method, and, as additional check, by 
children’s ages so that figures for the three younger 
children were compared to those for the three older 
children. The complete records’’ include this double 
test for every table presented in this report. That the 
differences in time spent with each material as shown 
in Table 2 are reliable ones was shown when the 
materials maintained the same rank when divided by 
the odd-even method and remained constant when 
judged by time for the three older children or the three 
younger children. 

It is evident that, of themselves, clay and crayons 
are interesting to these children for a longer time than 

“‘Complete tables are in the dissertation filed in the Library of Yale 
University, 
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books, blocks, or dolls and dishes. It is also evident 
that a room with many toys is a greater rival to a pleas¬ 
ant nursery than a room with no toys. This evaluation 
of play materials by the length of time they will hold 
children, without adult stimulation, from other inter¬ 
esting places is a basic and pragmatic one, It is an 
important one to a busy mother who decides, "Well, I 
found a good thing for Jane to play with. She worked 
a little piece of dough the whole time I was getting 
dinner." But this is not the only factor in the value 
of play materials. Other questions immediately arise. 
Why is there a difference between the materials when 
they are measured by time? What is it that makes 
children stay longer with one material than another? 
And how are these minutes spent? 

B. Activities With the Materials 

Total Number of Activities, The recording and 
tabulating of the constant activity throughout all the 
observations have been described. The distribution of 


TABLE 3 

Total Number of Recorded Activities 
With Each Material 


Rank 

Material 

Number ol 
activities 

I 

Combined material 

4501 

II 

Clay and crayons 

2900 

III 

Blocks 

2092 

IV 

Housekeeping matcrinh 

1948 

V 

Pictures and books 

1917 

VI 

Companions 

1510 


All materials 

14868 
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these many activities among the various play materials 
is shown in the following table (Table 3): 

It might reasonably be expected that the ranking of 
materials according to the number of activities would 
be identical with that according to the number of min¬ 
utes, since more time would provide for more activities 
and more activities would necessitate more time, But 
Table 2 and Table 3 do not show identical ranking. 
When they are compared it will be noted that Pictures 
and Books drop from third to fifth place and Blocks 
and Housekeeping Materials rise accordingly. Pic¬ 
tures and Books held the children S8 minutes longer 
than Housekeeping Materials, yet the children per¬ 
formed 31 more activities with the Housekeeping 
Materials. 

When the data for recorded activities were split by 
the odd-even method they did not show the same con¬ 
sistency evidenced by the data for time for Pictures 
and Books interchange rank with Housekeeping Mate¬ 
rials. The activity of the three older children ranked 
the materials just as Table 3 does, but Blocks took 
fifth place with the younger children in number of 
activities. The extremes are the same in Table 2 and 
Table 3 and remain the same in every division of data. 
Combined Materials is consistently first, Clay and 
Crayons second, and Companions last. But the other 
materials do not agree in rank when measured by the 
two methods. This partial consistency leads to the 
conclusion that the length of time children spend with 
a material is not entirely dependent upon, or related to, 
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the number of activities the children perform while 
with the material, 

Rapidity in Shifts of Action. Observation of young 
children at play might easily lead to the assumption 
that the more opportunity a child has for activity the 
more he enjoys himself, and the more a toy permits 
swiftness and abundance of activity the better he likes 
it. From the data in Tabic 2 and Table 3 the rapidity 
of activity is found by computing the number of re¬ 
corded activities per minute. 

TAIILE 4 

Numdbr of Recorded Activities Per Minute 


Number of 
nctivities 


Rank 

Material 

per minute 

I 

Combined nintcrials 

5.72 

II 

Companions 

5.28 

III 

Housekeeping; nmtcrinls 

5.11 

IV 

Blocks 

4.53 

V 

Clny nnd crayons 

4.29 

VI 

Picture and (looks 

4.00 


All mntcrinb 

4.84 


These figures (Table 4) illustrate quantitatively the 
impressions received during the observations of ac¬ 
tivity with the Combined Materials and the House¬ 
keeping Materials, of restless activity in the bare room, 
of steady, purposeful activity with the Blocks, and of 
quieter play at the tabic with Clay and Crayons and 
Pictures and Books. They explain the discrepancies 
between the amount of time spent and the number of 
activities with materials. 

But this ranking in no way agrees with that of Table 
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2. And when these data were divided a variation in 
swiftness of activity was shown for Companions and 
Pictures and Books. The shift for Companions is to 
be expected, for, while the children usually reacted to 
the bare room with swiftly changing activity, running, 
jumping, or climbing, there were occasions when a 
child would lean on the table, look about the room, re¬ 
mark that there were "no things” and call to leave. 
The general reaction to Pictures and Books, however, 
was more consistent. The children appeared very ma¬ 
ture and poised as they sat down at the table arranged 
for them and looked at the books. They were thor¬ 
oughly childish as they sat on the floor and placed the 
pictures about, and usually they were more quiet and 
"slow moving” in this situation than in any of the 
others. Occasionally, however, they simply ran and 
jumped about the room for a few moments, Ignoring 
the play material provided. Nevertheless the data dis¬ 
tinguished between the three set-ups in which swift 
activity occurred and the three wherein activity was 
slower. While it seems reasonable to conclude that, 
within the limits defined by the range of rapidity in ac¬ 
tivity itself, the swiftness in the shifts of children’s 
activity in play is altered by the type of material they 
are given, yet the "holding power” of this play material 
is in no way related to the rapidity of activity involved 
in its use—and rapidity of shifts in activity in no way 
corresponds to the number of minutes children re¬ 
mained with any of the play materials considered in 
this study. 

Repetition of Activities. The constant and rapid 
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activity entailed a great deal of repetition in behavior. 
From the activity charts it was possible to count the 
number of activities that were recorded more than one 
time. The first record of an activity in the charts of 
any child was considered '^original'* for that child. Any 
other records of this activity were checked as "re¬ 
peated." When the materials arc ranked according to 
the percentage of repetition involved in their use dif¬ 
ferences are disclosed (Table S). A comparison of this 


TABLE 5 

PflRCiiNTAOir OP Ripbtitiow in Activities with Materials 


Rank 

MfllcrlolB 

Percentage of 
rcpctiilon 

1 

Clay nnd crayons 

66 

n 

Compnniona 

62 

tii 

Combified inntcrJala 

60 

IV 

illocks 

sa 

V 

noiiickccpinR mnlcrlnls 

5B 

VI 

Piciiirtis and Imoku 

55 


/Vl| inALciifth 

59 


table with the previous ones shows that the amount of 
repetition in activity is not related to the total number 
of activities recorded, nor to the rapidity of these ac¬ 
tivities, nor to the number of minutes spent with a 
material. 

Division of this data by the odd-even method showed 
that the materials are not consistent within themselves 
in percentage of repetition. When the percentage of 
repetition in the activity of the three oldest children 
was compared with that of the three youngest there 
was again inconsistency of ranking. But consistency 
appeared in one matter, That is, the percentage of 
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repetition in the activity of the younger children was 
greater than in that of the older children. 

These findings agree with the general observation 
that repetition is noticeable in the play reaction of 
young children. Slightly more than half of the activi¬ 
ties performed by the children studied were repetitive 
ones. About the same amount of repetition, an aver¬ 
age of 59 per cent, appeared in each situation. All of 
the materials had sometimes slightly more and some¬ 
times slightly less than 59 per cent repetition, except 
Clay and Crayons, and Companions. These two situa¬ 
tions ranked consistently high. It might be inferred 
from this that materials such as clay and crayons, re¬ 
quiring the same type of manipulation even when dif¬ 
ferent things are made, will increase the usual amount 
of repetition and that a scarcity of play material, in re¬ 
stricting possibility for varied activity, will also in¬ 
crease repetition. There are indications that the 
amount of repetition decreases between the second and 
the fourth birthday. But one conclusion is evident. 
More than half (between 51 per cent and 71 per cent) 
of the unguided play activity of these children was 
repetition, no matter what play situation they were put 
into. Also the amount of repetition is not coincident 
with the holding power of materials. 

Variety of Activities. Recognition of the existence 
of repetition should not conceal the equally important 
recognition of variety in the play reactions of these 
children, There seemed, to the examiner, to be an 
amazing amount of it. Adults, it usually appears, 
have grown to have rather circumscribed ideas in con- 
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nection with toys and their uses. For instance, they 
may see possibilities in a doll carriage, A little girl 
can roll her doll in it, and have the delights of dram¬ 
atization, and imitating her elders, as well as physical 
activity, These children, left to play alone with a doll 
carriage, used it to roll dolls, but they were in no way 
limited by this adult conception of a carriage which 
was also used to roll dishes and doll clothes. It was 
a bed, a train, a lire engine, and a car. Besides being 
a thing to roll, it was a thing to push and chase, a thing 
with a moveable hood to tip and with screws to turn. 
It was rolled on its front wheels and on its back wheels, 
it was put on its side and two wheels were whirled, it 
was turned upside down so the four wheels whirled In 
the air. These are only a few of the various activities 
performed with a rather unadaptable toy. 

In order to determine the amount of variety in the 
children's play these different activities, taken from the 
original activities in the activity charts, were listed for 
each type of material. One kind of activity was listed 
only once even though it had been performed by all six 
children, or many times by all six children. The value 
of this enumeration will be obvious when it is recalled 
that each material was presented and observed 20 times. 
Each material was subjected to the same conditions and 
the children reacted favorably to every material so 
that there were at least four hours and 47 minutes of 
observation and 1510 recorded activities. Of these ac¬ 
tivities over onc-half were repeated so that ample and 
equal opportunity was afforded for using the materials 
in all the different ways possible to them and the chil- 
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dren. A count of these activities gives a definitCp com¬ 
parable measure of the variety of possibilities each ma- 
terial offered the children in their play (Table 6). 


TABLE 6 

V^BinTy OF Activities with the Materials 


Rank 

Materials 

Number of 
different activities 

I 

Combined rnateriala 

829 

n 

Clay and crayons . 

496 

nr 

FicUirea and books 

431 

IV 

Blocks 

419 

V 

Housekeeping materials 

37B 

vr 

Companions 

m 


Total 

2821 


This ranking agrees exactly with the ranking of ma¬ 
terials according to the total time spent with them 
(Tabic 2), and leads to the conclusion that, while much 
activity and numerous repetitions were evidenced in. 
every situation, the factor which determined the length 
of time a material would be used was the variety of 
activities to which it lent itself in the children's play- 
The quality of offering many possibilities has often 
been extolled as important in play material, especially 
from an educational point of view. It would appear 
that little children also appreciate that quality and, 
though for less learned reasons, they prefer playthings 
which permit activity leading to further activity. 

Social Acceptability of Activities. These tables de¬ 
scribing quantitatively the characteristics of the spon¬ 
taneous play of some young children are interesting to 
a student of child behavior. But the practical adult 
responsible for a young child will question the impor- 
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lance of knowing that children played undirected for a 
comparatively long time with clay, and that their ac¬ 
tivity was more or less rapid, and more or less repeated 
and full of variety, unless it is also known how much of 
the activity was worth while and how much was harm¬ 
ful. The dependence of the amount of "goodness" or 
"badness" in behavior upon the criteria of judgment 
is evident and the difficulty of finding such criteria that 
are generally accepted is obvious. 

When the children and materials were viewed dis¬ 
passionately through the screen, the materials being 
regarded absolutely as things to be used in any way, the 
only opportunity for the children to misbehave was to 
harm themselves or another child. All precautions 
were taken in arranging the situations so as to remove 
possibilities of injury with materials or furniture. And 
the children proved to be exceedingly wise and capable 
in avoiding danger to themselves. They were unex¬ 
pectedly concerned with the safety of their companions 
also. David tumbled from a pile of blocks but shed 
no tears. The next day he saw Edward climbing simi¬ 
larly and warned "Don’t fall." Andrew noticed Bar¬ 
bara’s shaky position on some blocks. "Do you want 
to fall? That isn’t salty enough to stand on." 

There was an extremely small amount of friction or 
personal attack between any of the children. There 
were only five cases of misbehaving according to the 
very liberal standards of the observational set-up. 
Three times pushing another child caused tears and 
stopped the observation. Two of these pushes were 
in anger, one was experimental. There was one tussle 
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which ended finally in laughter and continued play. 
There was one slap which was as surprising to the skp- 
per as to the one slapped. It was followed by an awk¬ 
ward silence, both children hanging their heads. Final¬ 
ly one looked up, began to talk, and play was resumed 
to continue amicably for ten more minutes. 

But the experimental criteria used above do not 
agree with those of the usual home or nursery school 
situation. From this viewpoint rather than the experi¬ 
mental one the following criteria were set up for judg¬ 
ing socially non-acceptable activity: 

1, Activities involving discomfort for the com¬ 
panion, 

2i Injury, or threatened injury, to self. (The only 
cases of this, except for two slight falls, were those of 
putting things into the mouth.) 

3. Injury, or threatened injury to materials or fur- 
nitu re. 

4. Emotional display of anger or fear. 

“Threatened injury” was included because often an 
act which was injurious at one time happened not to 
be at another time. For instance, standing on the 
table did not always scratch it, and continuous pushing 
of the light button did not “wear it out” as Andrew 
suggested it might. No child was hurt by what he put 
in his mouth. But such activities threatened injury 
and were considered unacceptable. With these criteria 
it was possible to check and count the socially non- 
acceptable activities in the activity charts (Table 7), 

This consideration of the materials presents a rank- 
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TAELE 1 

PatlCBNTAGE OF SOCIALLY NoN-ACCEI'TABLH ACTIVITIES WITH 

Materials 


RriitW 

Mnicrinl 

Percentage oi 
non-QcccpUbic 

Eciiviricfl 

1 

Compnhion.H 

21 

n 

Clny nnil crayona 

1 

111 

Cnmlnliccl m^lcrlnh 

1 

IV 

Picuircs nnil btinka 

5 

V 

MDiiHckceiiinK malcrialn 

4 

VI 

lUncks 

2 


All iiiaicnald 

B 


All maicriuls (except cnmiinnionii) 


ing unlike any of the previous ones, {Probably it 
should be reversed since Blocks arc the “best" material, 
in that play with them is more socially acceptable). 
But each material maintained the same place when the 
data were divided. The significant fact brought out 
in this comparison of materials is that the mere chang¬ 
ing of the type of play material, in situations which 
were otherwise identical, changes the amount of so¬ 
cially non-acceptable activity in the play of children. 

There still remained some activities which were not 
harmful, but which might be annoying and were, from 
a Critical standpoint, a misuse of materials. Examples 
of these are: stacking doll dishes in the doll carriage; 
inhibiting the companion; scattering the blocks after 
building with them; or simply yelling. When much 
stricter and more empirical standards are set up for 
judging activity, checking not only those wliich might 
be harmful, but those which were rjiiestionablc or an¬ 
noying, the ranking of the materials remains the same 
(Table 8), 

This table emphasizes another important fact in the 
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TABLE 8 

Percentace of Socially Non-accept able and Annotino 
Activities with Materials 


Rank 

Matcriula 

Percentage of 
annoying 
activities 

1 

Companions 

27 

ir 

Clay and crayons 

10 

111 

Combined materia la 

10 

IV 

PicUircs and books 

7 

V 

liousekeepinir materiaia 

7 

VI 

Blocks 

5 

1 

All moterials 

11 


comparison of materials. A bare room forces the per¬ 
centage of lion-acceptable activities unusually high. It 
is about three times greater than in a well-supplied play 
room. When annoying behavior is checked as well as 
"bad” behavior, each material has 2 per cent or 3 per 
cent more of non-acceptable activities except Com¬ 
panions, which has 6 per cent more. The fact that 
there was less to harm in this situation did not counter¬ 
act the fact that there was nothing to play with. A 
consideration of this effect of an empty room upon 
these healthy, intelligent, adjusted children should 
throw some light upon the effect of the type of room, 
in which children often find themselves, wherein there 
is much to harm, yet nothing with which to play, 
Further characteristics of the spontaneous play of 
the children are brought out by these figures. The 
children’s preference for materials apparently was in 
no way related to their “good” or "bad” behavior while 
with the material. There is no evident relationship 
between the rapidity of activity and its non-accepta¬ 
bility or between any of the characteristics tabulated. 
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bjt there is consistency within the materials them¬ 
selves. 

Also the amount of non-acccptable activity is sur¬ 
prisingly low. When the children were given absolute 
freedom in a room provided for play and then their 
behavior was judged by the standards of a restricted 
situation (an injustice which fortunately had no effect 
on the children), an average of only S2 per cent of 
their activity was unacceptable. 

C. Distridution of Time Spent with Matehials 

Length of Observations. The total time of spontane¬ 
ous play with a toy has been considered in this and 
other studies as a measure of the “holding power" of 
the plaything and an indication of children’s prefer¬ 
ence. The records of this experiment not only offered 
information concerning the total time spent in the vari¬ 
ous play situations, and the characteristics of the ac¬ 
tivities involved, but also presented information on the 
way the time was spent during each observation of each, 
material. Data on the length of observations, depen- 

TAnLE 9 

AvBHAan AND Ranob of Length of Observations 


Rank (rc^ 
cording 
Average 
IcnglK of 
□baerva- 
Hona) 


AveraRc IcHRlli Rongc in IcnEfh 
Malcrinl of oLscrvallona t)f ohBcrvnlioiiB 


I Combined mnlerifi] 

H Clny und crayonn 

III ricUirea niul books 

IV lllod!! 

V Housekeeping mflierialH 
VI Compunlons 

AM 


21 min. 41i seca. 5 inlii- la 41 min. 

IH min. 3f> (keen, ^ min. id 33 min. 

13 nun, IH seca. 2 min. lo 23 min. 

12 niin. 4H acch. 2 min, in 27 min. 

10 mill. 30 diics. V/x min. lo 20 min. 

B min. '/a min. to 2V/a min. 

14 min. 12 seca. min. to 4l min. 
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dent entirely upon the children's reactions, are pre¬ 
sented in Table 9. The ranking, of course agrees with 
Table 2. 

The figures in this table compare interestingly with 
those found by Bridges (3) in a study of ten children 
ranging in age from two years six months to three years 
eight months. She studied a number of materials in a 
Nursery School environment and measured the time of 
an "occupation" defined by the child spontaneously 
taking a material and spontaneously returning it to 
the cupboard when through. She found the average 
length of an occupation to be eight minutes and the 
longest time spent in one occupation to be 37.5 minutes 
for boys and 34.5 for girls. 

Length of Interest Span. Probably the most signifi¬ 
cant division of time within an observation is that of 
interest spans, The method of defining these has been 
discussed previously (pages 25 and 26). Table 10 pre¬ 
sents the information concerning interest spans derived 
from the time graphs. 


TABLE 10 

Length oe Interest Spans with Each Materjal 



Material 

Average 

interest 

span 

(seconds) 

Average 
. of maxinia! 
interest 

span 

(seconds) 

Longest 

interest 

span 

(seconds) 

I 

Clay crayons 

il5.63 

542.31 

1230 

n 

Combined materials 

93.67 

393.23 

16S5 

ni 

lilocka 

fl9.64 

309.71 

80Q 

IV 

I^ictiircs and books 

64.87 

203.17 

4S0 

V 

IlDUackccping mntcriaU 

51.67 

189.68 

620 

VI 

Companions 

45.53 

146.77 

330 


Ali materials 

75,86 

■ 297.48 



Ail materials 





(except companions) 

81.53 

327.62 
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Since the definition formulated by Herring and 
Koch (13) was used so that their study and this one 
measured the same tiling, the results arc comparable 
to a certain extent. There are several differences in 
procedure, particularly in the fact that in the quoted 
study children were presented with six toys of different 
types at one time and that no distractions less than 30 
seconds in length were recorded. The time graphs of 
this study included distractions as short as five seconds. 

Herring and Koch found that the averages for the 
maximal spans, by the Thirty-Second Scheme, were 
514.5 and 456.1. In the present study the averages for 
maximal attention spans were not so high; for Com¬ 
bined Materials the average was 393.23 seconds; for 
all materials (except Companions) it was 327.62. It 
seems probable that this di/Tcrcnce was due to the fact 
that many interest spans in this study were broken by 
distractions of five seconds which would have been ig¬ 
nored in the other investigation. 

The longest time spent by any child with one toy, 
according to Herring and Koch, was 2202 seconds, the 
next longest interest span was 1655 seconds and the 
next 1230 seconds. Again the difference in recording 
time will explain the shorter length of interest span 
found ill the observations of this investigation. An¬ 
other explanation also is made in the first conclusion 
reached by Herring and Koch (13), "Interest span, 
as measured by our technique, was revealed to be a 
function of the type of toy offered for play, and the 
age of the child." The children demonstrating such 
long interest spans were four-year olds. The child who 
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Stayed with Clay 1655 seconds was three years and one 
aiid a half months old. The other children were under 
four also, and their attention spans wouldj according 
to the conclusion quoted, be less than those of four- 
year olds. 

It is interesting to consider the first part of the con¬ 
clusion, and see how much the type of toy offered for 
play influenced the interest span in this investigation. 
Checking the data by dividing it shows consistency in 
play materials except Combined Materials. This 
varied from second to fourth place. But when it is re¬ 
membered that this situation included every other 
material and thus gave stimulus for short or long spans, 
it is evident that variation in its rating in no way dis¬ 
qualifies the data or disagrees with the statement that 
interest span is found to be a function of the type of toy 
provided, It is interesting, in this connection, that the 
longest interest span recorded was in the combined 
situation and was with Clay. 

When the interest span of the four distinct types of 
play material, Clay and Crayons, Blocks, Pictures and 
Books, and tiousekeeping Materials (Table 10), is 
compared with their holding power (Table 2), there 
is agreement except in the case of Pictures and Books. 

A picture book was used in the Herring-Koch study 
and the average interest span was also short. Their 
explanation that the book offered definite limits in use 
that the other play materials did not, therefore limit¬ 
ing the interest span, would also hold in the present 
investigation. 

It appears that materials having the most “holding 
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power" throughout several observations usually stimu¬ 
late the longest interest spans, but this may be altered, 
as with Pictures and Books or Combined Materials, 
because of the type and characteristics of the play 
material. 

Exh'aneous Allention. Observers of the spontane¬ 
ous play of preschool children, particularly Blatz and 
Bott, and Herring and Koch, have recognized the fre¬ 
quency of distraction in interest and attention. These 
moments of distraction have been arbitrarily defined by 
duration in time, a method which seemed practicable 
in their investigations. However, as these authors 
recognize, the mental flow is continuous though vary¬ 
ing, just as the flow of activity is, and its variations 
must be marked off by arbirtrary means. In the play 
situations presented to the children of this study, dis¬ 
tractions, in the usual sense of the term, were entirely 
eliminated. The privacy of the observation room was 
strictly observed, and the window was above the chil¬ 
dren's heads. The play objects in the experimental 
set-up were definitely limited in type and number and 
their arrangement was stereotyped. Yet this careful 
provision of objects to be attended to and prevention 
of outside disturbance did not restrict the children's 
range of attention as much as might be expected. By 
the end of the experiment absolutely everything in the 
room within reach had been touched and otherwise 
used. The radiator guard had been climbed, the walls 
patted, the floor molding rubbed, the pattern of the 
door traced, the lights turned off and on, and so on 
indefinitely. 
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The number of minutes spent in attending to and 
manipulating things other than those included in the 
set-up of the situation were differentiated in the records 
and time graphs and the percentage of this “extraneous 
attention” was computed for each material (Table 11). 


TABLE 11 

pBaCENTAGB OP TiME SPENT WITH EXTRANEOUS ThINGS 


Rmik 

(according 
to total 
timG wUh 
mtitcrial) 

Material 

Percentage of 
total time 
with material 

Percentage of 
total time 

V7ith extrane** 
oua things 

1 

Combined materials 

94 

6 

It 

Clay and crayons 

90 

10 

III 

Blocks 

B9 

u 

IV 

Pictures and books 

B4 

16 

V 

Housekeeping materials 

82 

18 

VI 

Companions 

60 

40 

Average percentage of □![ materials 
Average percentage of all materialg 

83 

17 

(except compnnions) 

B8 

12 


As was to be expected, the empty room gave an ex¬ 
tremely high percentage of time spent with extraneous 
things (40 per cent), while the percentage was low 
when many playthings were provided (6 per cent). 
The difference between these two extremes is particu¬ 
larly evident, The ranking of materials according to 
the amount of time they held the children’s attention 
remained consistent when the data was split. 

A comparison of this ranking with the “holding 
power” as measured by the total number of minutes 
spent with each material (Table 2) shows interesting 
similarities. The comparative rank of the materials 
in Table 11 agrees with that in Table 2 except for 
Pictures and Books. The drop in rank for this situa- 
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tion is explained by the shorter interest span revealed 
by the figures in Tabic 10. The same characteristic of 
this type of material to set a limit to the interest span 
by a definite mark of completion also freed the atten¬ 
tion more frequently for extraneous objects. 

The presence and type of this activity with extrane¬ 
ous objects is clearly enough defined throughout all 
the observations to warrant the conclusion that the 
children were sensitive to most of the details in their 
immediate environment and that, in the absence of an 
adult, they reacted to, and experimented with, any of 
these details. It is also evident that the amount of 
such activity is reduced by the providing of interesting 
play material as in Combined Materials and greatly 
increased by the lack of play material in a bare room, 

Altcnlion Gwen to Coiiipfiiiion, One quality which 
is desirable in play materials for young children, who 
are in the midst of acquiring social attitudes, is that of 
inducing cooperative play. Since there was very little 
friction between the children during the observation 
periods, the number of minutes of attention given to the 


TABLE 12 

PERCBNTAOn OF TlMB Si'ENT IN COMPANION Pl.AY 


Rank 

Malcrin] 

Pprccninge nf lotnl 
lime spent attend¬ 
ing; In companion 

I 

QQ\n\\nnm\ 

27 

11 

Combincti innlcriaU 

IB 

III 

IJiocks 

17 

IV 

lIouNcIcceping rnnicrinh 

15 

V 

Giny nnd crnyonii 

11 

VI 

Pictures and books 

12 


All inalcririla 

17 


All innicrial (excepi compnninns) 

li 
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companion provides a measure of the amount of social 
play. The percentages are given in Table 12. 

The percentage of time spent in attending to or play, 
ing with the companion is noticeably small with every 
material and is in harmony with the emphasis often 
put upon the individualistic character of the play of 
two- and three-year olds. The situation called Com¬ 
panions, as was anticipated, forced the percentage to 
its highest, but 27 per cent is not enough really to war¬ 
rant the title. The amount of Companion play with 
each material shows no relation to the children's pref¬ 
erence for materials or to any of the other characteris¬ 
tics measured. However, the materials showed con¬ 
sistency in the maintenance of rank except in the case 
of Blocks which varied from 13 to 21 per cent when 
the data was split. 

Attention to Self. It is revealing that in making the 
time graphs it was not only necessary to include every¬ 
thing in the room such as the door, lights, and radiator, 
but also necessary to make a column for “self." The 
infant's play with his own body and his partial knowl¬ 
edge of and mastery over himself through this play 
during the first year has been portrayed by Charlotte 
Biihler (4). The two- and three-year olds of this study 
were still interested in “self play,” performing some¬ 
what complicated feats such as galloping, rolling on. 
the floor, and jumping. This was a small part, at least, 
of the play activity of each situation shown in Table 13. 

Division of data on self play disclosed some consis¬ 
tency within the uiaterials. The extremes were definite 
and widely differentiated, Companions drawing 32 per 
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TABLE 13 

pDRCBNTAQB OP TlMR SPDNT IN AtTBNTION TO SbLF 


Rank 

Maicnal 

FcrcenlJigc nf lime 

I 

Coinpnnions 

31 

n 

PiciurcA nniJ liooki 

6 

III 

Blocks 

4 

IV 

Ifouickccping matcriah 

4 

V 

Clay and ernyon? 

3 

Vi 

Combined mnicrinls 

Z 


A wage pcrccfifugc iWlli 

all materials H.6 


Average pcrcciitngc wilh 

all malcrialfl 


(except companionii) 

3J 


cent and Combined Materials 2 per cent of self play, 
while no toys increased the percentage about seven 
times more than the average amount with playthings. 
Pictures and Books have the highest percentage of self 
play for any single play materials, These percentages 
for companion play and self play indicate the pre¬ 
dominance of play with materials. The graphs have 
pictured the tendency for this play of the two children 
to be with similar materials at the same time, but with 
few overt signs of attention to one another, Table 14 
presents a comparison of the percentages of these dif- 

TADLE 14 

Distribution of Timb in Social-Personai, Play 


Mfllerlftl 

Percentage of 
lime in 
sclE play 

Percentage of 
time in 

companion play 

Percentage of 
limp in 
parallel pUy 

ComliinGtJ inaurlali 

2 

IB 

70 

Clay and crayona 

3 

14 

Bj 

PlcLurcii ami bDoka 

6 

IZ 

B2 

Blocks 

4 

17 

79 

Housekeeping matGrlnlB 

4 

IS 

B1 

Companloni 

31 

27 

42 

All materials 

B.33 

17.1 

74.5 

All materials (except companions) 3,9 

15.2 

81 
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ferent types of play; self play, companion play, and 
play with materials or parallel play. 

A study of this comparison shows a general tendency 
for parallel play to predominate and for companion 
play to be greater than self play. Yet there is a distinct 
variation from this in the case of Companions. 

D . Comparative Evaluations 

Throughout this phase of the study of the various 
aspects’ of the children's reactions with play materials, 
differences have been noticeable and the preceding 
tables afford a basis for evaluation and show similari¬ 
ties as well as differences in the play situations. In 
evaluating these situations briefly it may be said that 
Combined Materials offer the best possibilities, hold¬ 
ing the children for the longest time, involving the 
greatest variety of activity, and including more than 
the average amount of companion play and only an 
average amount of non-acceptable activity. 

Clay and Crayons are next in value, holding the 
children for the longest time, involving the second 
amount of variety in activity, surpassing Combined 
Materials in length of interest span, but encouraging 
little companion play and involving a greater percent¬ 
age of non-acceptable activity. 

Pictures and Books and Blocks each maintain a mid¬ 
dle rank but have different virtues and shortcomings. 
While Pictures and Books seemed to have a more con¬ 
sistent holding power for the children this interest was 
limited by the nature of the materials. Play with books 
was quiet and slow and little of the activity was “bad." 
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BlocJts, however, excelJed all materials in ability of 
activity and in encouraging cooperative play as well as 
adapting to individual play. 

Housekeeping inaterials had less holding power than 
the other materials. Activity in tiiis situation was 
swift and only a small percentage was unacceptable. 
In other respects this type of play material possessed 
fewer virtues than the others. 

"Companions" had but little holding power as com¬ 
pared to the other play situations. The variety and 
amount of activity in this set-up was small, compared 
to the others and the rapidity, repetition, non-accepta- 
biJity and self-centcredncss of the activity were unusu¬ 
ally high. 



IV 


COMPARATIVE STUDY OF THE INDI¬ 
VIDUAL CHILDREN 

A , Activities and Distribution of Time 

The analysis thus far has shown definite and con¬ 
sistent differences between the various types of play 
materials when the combined reactions of the children 
are considered. This study was planned to compare 
and evaluate play materials and was in no way a test 
of the abilities or development of the children. But 
the records offer information concerning each child's 
reactions just as they present the information which has 
been analyzed for each material, Considering the 
data from the standpoint of the children throws more 
light upon the behavior of children left to their own 
devices and the value of the play materials. 

A tabulation of the number of minutes each child 
spent with the various materials is given in Table 15. 
This shows the materials maintaining ranks similar to 
those in Table 2 and also indicates individual prefer¬ 
ences for materials as measured by the amoilnt of time 
spent with them. This information presented graphi¬ 
cally in Figure 3 displays more clearly the similarity 
to Table 2. Combined Materials are definitely the 
highest, while Companions are as decidedly the low¬ 
est. Clay and Crayons take an unquestionable second 
rank. Pictures and Books and the setting, Blocks, 
show the same similarity indicated by the number of 
minutes spent with them, and again Pictures and Books 
are somewhat lower. Also, in this graph Housekeep- 

[441] 
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iftg Materials rank low. These differences are definite, 
but the lines of the graph are not straight and the peaks 
indicate variations in the children’s reactions. 

The data from Table IS presented differently in 
Table 16 show the individual children ranked accord¬ 
ing to the time they spent with each material. In Fig¬ 
ure 4 these data are presented graphically. Much more 
similarity is evidenced in the trend of these lines than 
in those lines representing materials plotted in Figure 
3. There is more frequent overlapping of the lines 
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representing time spent by the children than there is 
in those spent noith the materials. These two graphs 
show a consistent trend in the time reaction of the 
children as influenced by the controlled variations in 
unchanging materials. There are wide differences be¬ 
tween the selected materials and narrow differences, re¬ 
sulting in much similarity, between the selected chil¬ 
dren. However, individual differences are apparent, 
for instance in the lines plotted for Connie and An¬ 
drew. 
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An analyzafion of the records from the standpoint 
of each child was made with tables for (I) total num¬ 
ber of recorded activities, (Z) rapidity of activities, 

(3) percentage of repetition in activity, (4) variety of 
activity, and (5) socially acceptable activity. Also the 
(1) total time spent with materials (graphed in Figure 
6), (2) average and range of length of observations, 

(3) average length.of interest span for each child, 

(4) percentage of time spent with extraneous things, 

(5) percentage of time each child spent in companion 
play, (6) in attention to self, and in (7) parallel play. 
The ranking of the children in each of these Tables" 
was checked by halving the data and in no case was 
consistency in ranking maintained when the substitute 
for a repetition of the experiment was made. In the 
same consideration of the playthings there was con¬ 
sistency of rank maintained in (1) the amount of time 
spent with them, (2) in the social acceptivity of the 
activity, (3) in the amount of time given to extraneous 
things, (4) in the time given to companions. There 
was identity of ranking in the materials, also, when 
variety of activity was compared to the total amount of 
time spent with materials, It is evident that the rank¬ 
ing is not static for ever-changing children as it is for 
unchanging materials. 

The data revealed much similarity in the children's 
reactions; for instance, the range in number of activi¬ 
ties per minute was from 4.65 to 4.96 as compared to 
the range between 4.00 and 5.72 for materials. Rank 

"Tables available in complete study filed in the Library of Yale 
University. 
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according to percentage of repetition in activity placed 
the children's names in chronological order, This was 
Interesting, but the data were not sufRcient to justify 
conclusions on the decrease of repetitive activity as 
age increased. The amount of repetition in the chil¬ 
dren's activity ranged from 55 per cent to 64 per cent 
as compared to 55 per cent to 66 per cent in the data 
for materials, showing again that more than half of 
the unguided play activities of children are repetitive 
no matter who the child or what the situation. More 
similarity in length of interest span was shown. The 
average for children ranged from 70.5 seconds to 88.5 
while the same data from the standpoint of materials 
showed the range in average length of interest span 
to be from 45.53 seconds to 115.63 seconds, The in¬ 
formation for percentage of time spent in attention 
to extraneous things also shows a smaller range for 
children, 10 per cent to 20 per cent as compared to 
the difference between 6 per cent and 10 per cent given 
in Table 11. To complete the analysis the percentage 
of time each child spent in attention to self, in com¬ 
panion play, and in parallel play was tabulated and 
portrayed the same general pattern as that for ma¬ 
terials given in Table 14. 

B, The Influence of Companions 

A further consideration in the analysis of the social 
play of these children is the effect of one individual 
upon another. Did a child remain in the observation 
room longer when paired with a certain other child, 
no matter which play situation was offered? The 
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children's preferences for each other can also be meas¬ 
ured by the time spent in the room together. This 
measure was made and indicated by a tabic for each 
of the six children in which the other five children were 
ranked according to his preference as measured by 
time. Again the data was divided in two different 
ways to check the consistency of preference thus meas¬ 
ured. No child indicated a definite order of prefer¬ 
ence for the other children. A graph of the total num¬ 
ber of minutes each child spent with his companions 
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(Figure 5) shows neither the wide differentiation be¬ 
tween lines indicated by the same method of graphing 
the total number of minutes spent with each material 
(Figure 3) nor the similarity in the trend of lines in¬ 
dicated in the graph of the number of minutes each 
individual spent in the observation room (Figure 
4). This graph and the data which it illustrates lead 
to the conclusion that there was little influence, of one 
individual upon another. This was to be expected 
since the children were similar in many respects and 
were thoroughly accustomed to playing with one an¬ 
other in the Guidance Nursery. And tliese facts lead 
to the further conclusion that, since the individuals 
were similar and were paired in the same variety of 
ways throughout each different play situation pre¬ 
sented, the plan of procedure made each play situation 
comparable except in the change of type of material 
offered, 

C . Individual Differences 

The foregoing analysis of the activity and distribu¬ 
tion of time for the individual children, when com¬ 
pared to the similar analysis for materials, emphasizes 
the fact that the materials were intentionally variables, 
unknown variables, and that, being subjected to the 
same six children under the same conditions they 
showed consistency in their variations; and, being in¬ 
animate, their functions in the play situations were 
unchanging from observation to observation. 

The analysis shows the children following a general 
play pattern with similar reactions changing in similar 
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ways with the change of play materials. But the re¬ 
actions, though patterned, were not stereotyped, and 
unlike the inanimate play things, the children’s func¬ 
tions in the play situations were di/lfcrent and adaptive 
in varying degrees from one observation to another. 
The lines representing materials, in Figure 3, though 
clearly differentiated arc not smooth. Figure 4 shows 
a similar trend in the lines representing the children 
hut individual differences arc apparent. For instance, 
Connie's line is outstanding, showing that she tended 
to remain in the observation room for comparatively 
long periods of time. A study of the aforementioned 
tables shows that she had the greatest total number of 
minutes spent with materials, also the longest average 
length of observations, and the longest average interest 
span of 88.5 seconds. In each of these cases she main¬ 
tained first or second rank when the data were divided. 
She also evidenced a greater variety in activity than 
the other children. The ability to remain happily 
occupied without supervision and the tendency to at¬ 
tend to things an unusually long time is in agreement 
with her mother’s report of her home play and train¬ 
ing leading to self-reliance. The records of the Clinic 
of Child Development also indicate this tendency con¬ 
sistently. The Guidance Worker recorded her first 
impressions when Connie entered the Guidance Nur¬ 
sery at 21 months of age as, "She was unusually inde¬ 
pendent of adults, was habitually contented and hap¬ 
py."* This same tendency is noted more definitely in 
the examination made when Connie was three years 


■‘From Miss Ann jertnings’ records. 
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old—“Child never seems to have enough and would 
have liked to continue longer even at the end of three- 
quarters of an hour. Very good attitude and control,”® 

In these characteristics Connie differed in degree 
from the other children but she remained in the middle 
ranks so far as rapidity of activity, repetition of ac¬ 
tivity, and the amount of time with extraneous things 
and with companions were concerned. In all these 
considerations, it will be remembered, the children are 
very similar, However, she has the second highest per¬ 
centage of non-acceptablc activity, 9,S per cent. She 
is second highest in the percentage of self-play which 
accounts for her having a comparatively smaller per¬ 
centage of parallel play. 

The analysis of the children’s reactions has shown 
them to be quite similar and their comparative ranks 
have shifted frequently when halves of the data were 
compared, A study of the findings concerning the 
four children, Barbara, David, Edward, and Prank, 
who maintained the more intermediate ranks discloses 
more similarity than difference and numerous shifts in 
position. Even so the records do not conceal indi¬ 
vidual variations, For instance, divided data showed 
David varying between rank II and V or VI, yet the 
total figures for his reactions are, in most cases, above 
the average of the group. Throughout the observa¬ 
tions it was clear to the examiner that David’s tenden¬ 
cies to unusual variety and persistence in activity were 
often cut short because of his extreme sensitiveness and 

the record of Development made by Dr. 

Ruth W, Wsishburti. 
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reactivctiesg to sounds, the behavior of his companions, 
and other environmental factors. This caused un¬ 
usual variation in his reactions and ranking. The ex¬ 
istence of this sensitiveness in other situations is 
brought out over and over in the Guidance Nursery 
records, the Developmental Examinations, and paren¬ 
tal interviews. 

Frank, the youngest child in the group, is consistent 
in having the fewest recorded activities per minute and 
the smallest percentage of non-acceptable activities. 
The amount, variety, and length of time spent in play 
activities compare well with the older children and 
this is in harmony with other records of his slow-mov- 
ing, quiet behavior yet superior ability. In the same 
way Barbara and Edward displayed characteristic 
differences, many examples of which could be taken 
from the observation records with similar characteris¬ 
tic reactions quoted from the records of the clinic and 
nursery. 

However, the child showing the most noticeable dif¬ 
ference in response to the play materials was Andrew, 
the oldest in the group. His line in Figure 5 is the one 
which differs most obviously from the trend of the 
others. As the clearest example of individual differ¬ 
ences a mare complete consideration of his reactions 
and the clinic records will be included. The informa¬ 
tion in the various tables of the preceding section shows 
that he spent the least amount of time in the observa¬ 
tion room. His preference for play material agreed 
with the preference of the group except in that of Com¬ 
bined Materials which the group preferred most jiigh- 
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ly, but which Andrew seemed to prefer little more than 
a bare room. As well as spending the fewest number 
of minutes in play, he has the smallest number of ac¬ 
tivities recorded, His activity was more rapid than 
that of most of the children, it included a consistently 
small amount of repetition, a consistently small amount 
of socially non-acceptable activity, and also the least 
variety. 

In the division of time the average length of his play 
periods were, of course, the shortest. He spent the 
smallest percentage of time attending to extraneous ob¬ 
jects, the next to the smallest percentage of attention to 
his companion or ii3 self play, Because of the small 
amount of time spent in overt attention to the com¬ 
panion or in self play, he has the next to the greatest 
percentage of time in parallel play. He seemed to 
prefer the younger children, Edward and Frank, or 
sometimes Connie, as companions, though his prefer¬ 
ence is not marked. As a corollary to the small amount 
of time spent in the observation room there is the small 
amount of time spent with any one child. 

The characteristics thus portrayed show interrela¬ 
tions with one another. Since Andrew's activity was 
more rapid and less repetitional than that of most of 
the children, and since he spent little time in attending 
to extraneous things or in simply running around in 
mere self play, it is natural that he should, as he often 
announced, get "all through" with dispatch. But in¬ 
terrelationships are not explanations. The records of 
the clinic offer these. From the time of Andrew’s en¬ 
trance into the group of the Guidance Nursery his in- 
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terest in people was noticeable. At the age of two and 
a half he was aware of the entry of a new child into 
the group and would always approach the child and 
usually attempt to hug him. He did this so consistently 
that the procedure was almost a recognized test situa¬ 
tion for new children. 

The records of his activity in the Guidance Nursery 
show growing interest in blocks and paints and clay, 
but they are more often concerned with Andrew’s so¬ 
cial play, citing instances of playing with or teasing 
younger children and attempting to play with older 
children and sometimes being repulsed. When he was 
two years and seven months old, the Guidance worker 
recorded that he "dominates younger children, but 
plays with older ones very well.*'® His interest in the 
group of children and the teacher appears throughout 
his records. When he was slightly older his attitude 
toward being alone is revealed in the following record 
(made January 16, 1930): "Was cold outdoors. 
Wanted to come in. Did not like to play alone indoors. 
Usually likes pencils and paper, but was not interested 
when left alone with them.”® 

The records made during the time of the experiment 
continue to stress his social relationships in play, telling 
of games played with older children who were tem¬ 
porary members of the group such as one in the jungle 
gym (February 17, 1931) when lie said, "I was the 
moon and they were the two stars" (24). They tell 
of his directing the younger children and even later of 


"From Miss Ann Jennings' records. 
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teasing a child more than a year his senior by state¬ 
ments of superiority. 

A comparison of these reeords and the records of the 
experiment lead to the interpretative explanation that 
Andrew brought into the play situations an unusually 
social personality. He was always thoroughly co¬ 
operative with the examiner and willing to go and play. 
He followed the directions of “having a good time” 
and calling when he was through. Yet it was plain 
that he finished quickly and was glad to return to a 
group of children and to adults. Six times, also, his 
leadership, which was usually tactful, became so 
domineering that his companion called to leave. In 
this case, more outstanding perhaps than the others, in¬ 
dividual differences in personality arc seen to influ¬ 
ence play reactions, interest in people shortening the 
play with things. 



V 

THE TOTAL PLAY PATTERN 

There were individual dilTerenccs and differences in 
the use of inaterial yet similarities of reaction appeared 
in every situation in this experimental procedure like 
the repetition of various motifs in a complicated 
tapestry. These 226 observations with their records, 
graphs, and charts disclosed a pattern of tendencies in 
spontaneous play which, because of their consistent ap¬ 
pearance over and over again, and their agreement 
with previous observations on play, arc probably typi¬ 
cal of the uJiguidcd pJay reactions of children of the 
mental level, social level, and limited age range which 
these represent. 

The first question which was answered, and the one 
upon which the whole experiment rested, was whether 
or not the children would, remain alone, or with each 
other, in the observation room long enough to afford 
a usable record of their behavior. In order to test the 
holding power of the different materials the observa¬ 
tions were stopped at the first sign.of boredom, or desire 
to be somewhere else, as indicated by a second call, 
or at the first hint of an emotional upset. The length 
of the observations measured the amount of time the 
children played contentedly (usually gayjy), The total 
picture of spontaneous play showed the children’s 
willingness to play without an adult's presence and 
their ability to do so for more than half an hour. (The 
preliminary study included one record of 55 minutes 
and another of an hour of happy, unguided play, There 
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was no nursery group of children to return to in these 
cases). However, the average time of play alone was 
14 minutes and 12 seconds and the range in length of 
the observations was from one-half a minute to 41 
minutes. 

The reasons for stopping the periods of play some¬ 
times quickly, sometimes after a comparatively long 
time, are familiar ones to parents and teachers of 
young children. The usual reason was that interest in 
the play material lagged and the child preferred to 
return to the teacher and other children. The ma¬ 
jority of the observations, 87 per cent, were calmly 
stopped by tlie children announcing that they were 
ready to go. But in ten cases lonesomeness brought 
tears, and in three cases quarreling stopped the play. 
Even though every possible precaution was taken to 
prevent physical danger, play was stopped twice be¬ 
cause the children got themselves into dangerous situa¬ 
tions. Also all possible forethought was taken in the 
experimental procedure to avoid interference with, or 
by, the daily routine, yet 12 times observations were 
stopped because of routine matters. These latter ob¬ 
servations, however, were unusually long ones. 

In spite of these inevitable breaks, the one way vision 
screen disclosed a drama more original, swifter, and 
more amusing than any ever caught upon the silver 
screen. And the first outstanding fact impressed upon 
the recorder In the attempt to preserve this drama on 
paper was the continuousness and swiftness of activity. 
The figures will make this evident. In the 3069 minutes 
of observation 14,868 activities were recorded. This 
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gives an average of 4.84 activities per minute—a shift 
in activity every 12 seconds. It is further evidence 
that children can be depended upon to react in some 
way and that in play their reactions arc continuous and 
swift. 

So much moving about involves repetition of ac¬ 
tivity. Preschool children have often been charac¬ 
terized as “liking to do the same thing over and over,” 
No doubt repetition is enjoyable to them and necessary 
to their learning. It was evident in every observation, 
A study of the activity charts showed that S9 per cent 
of the total number of spontaneous play activities were 
repeated activities. And that no matter who the child 
or what the material, more than half the activity was 
repetitional, This count did not take into considera¬ 
tion the way in which children of similar ages repeat 
one another's behavior. When this was accounted for 
also, it was found that 81 per cent of the activities re¬ 
corded during the whole experiment were repetitive. 

But the impression the experimenter received while 
recording was that of varied activity. Only 19 per cent 
of the activities were original, that is, appeared for the 
first time in this group. But this gave the actual count 
of 2821 different types of activities, A different kind 
of activity almost every minute is enough to give the 
impression of variety) 

The social acceptability of this activity is probably 
of more practical interest than its rapidity or variety. 
The criteria for judging the chililren's behavior have 
been discussed (pages 43 to 47). Of the entire re¬ 
corded activity 8 per cent was found to be non-accept- 
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able. When only the situations which provided play 
materials are considered, 5.2 per cent of the activity 
was non-acceptable and even with the most stringent 
checking of annoying as well as “bad" behavior 
throughout every situation it was found that only 11 
per cent could be checked, leaving 89 per cent of the 
children’s behavior which was unquestionably accept¬ 
able and “good.” 

These characteristics of play behavior were revealed 
in the activity charts. The time graphs presented 
characteristics of the division of time in play. The 
examples given in Figures I and 2 show the way in 
which shifted attention or interest followed a pattern 
of shorter and longer intervals. These graphs picture 
the similarity in the children’s distribution of time and 
also show individual differences. They show clearly 
the difference in pattern between Housekeeping Ma¬ 
terials, having short interest spans, and Clay and 
Crayons having long interest spans, 

When activity is so rapid and varied the length of 
interest spans must be short. The average length, in 
situations which provided play materials, was 81 sec¬ 
onds and for all of the situations, including Com¬ 
panions, was 76 seconds. While children's interest 
shifts often, it is not always brief. Many times the span 
of interest lasted only five seconds, but many times it 
was longer than the average. The range was great- 
The longest interest span recorded was 1655 seconds. 

It will be remembered that one reason for the entry 
of small units of time in the records was the tendency 
of the children to attend briefly to other things about 
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the room rather than the play materials provided. Be¬ 
cause of this it was necessary to include cvcrytliing in 
the room in the time graphs; the door, the radiator 
guard, and so on. It was found that an average of 17 
per qent of the time was spent in attention to extrane¬ 
ous things. It was a very definite part of the play in 
each situation though it was decreased or increased bj 
a change in play material. A realization of the exis¬ 
tence of this all-inclusive interest and activity helps in 
understanding how children learn in all environments, 
fall into danger in thoughtlessly arranged environ¬ 
ments, and are accused of '‘meddling" and made un¬ 
happy in environments which arc inconsiderately 
planned. That the play materials held the center of 
interest, according to the plan of procedure, is shown 
by the fact that they were given 113 per cent of the 
time. 

These young children were not only interested in 
things, they still showed an interest in "self play" which 
in infancy had been all absorbing to them. This ac¬ 
tivity involved neither the materials nor the companion 
but was merely a capering or tumbling or running 
about which appeared in the time graphs as solid 
blocks rather than being scattered throughout the ob¬ 
servation. It occurred frequently, but made up only 
8.6 per cent of the total activities recorded, And 
when only situations which provided play materials 
were considered it made up 3.8 per cent of the total 
time, 

Children of these ages arc also interested in other 
people. They enjoy and need the companionship of 
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their peers. In the columns of the graphs labeled 
“Companion” were recorded the actual moments of 
attention, as judged by overt behavior, given to the 
other child in the room. This was nearly twice as 
much as that given to self, but was only 17 per cent 
of the total time. 

The outstanding characteristic of this “companion 
play,” as shown in the time graphs, contrasted clearly 
with “self play.” Attention to the companion usually 
lasted for only a few seconds at a time and these mo¬ 
ments were scattered throughout the whole period of 
observation, while self play usually appeared in one 
single block of time. To the experimenter it appeared 
that the companion was usually in the periphery of 
attention and became the center of attention only dur¬ 
ing the few seconds indicated by bits of overt behavior 
which were the beginning of real cooperative play and 
consideration of others. The self play seemed to be 
“time out,” a return to an earlier, easier type of play 
and a relaxation from the more taxing creation and 
experimentation. 

But the most outstanding characteristic of the divi¬ 
sion of time in this spontaneous play was that the chil¬ 
dren were usually doing similar things with similar 
materials at the same time, but gave no evidence of 
attention to each other. This has been designated 
“parallel play” and recognized as a characteristic of 
the spontaneous play of children of preschool age (12, 
pp. 258-259). The children under observation de¬ 
voted 74 per cent of their time to this type of play. 



VI 

CONCLUSIONS 

1. The first definite accomplishment was a method 
of recording the observed activity and tabulating it in 
an easily comparable way. The tabulation was in the 
form of time graphs (pp. 22, 23, 27) and activity 
charts (pp. 29-32), 

2. The materials, when tested and compared by the 
experimental procedure, manifested di/Tercnces, Con¬ 
sidering the data as a whole it could be said that Com¬ 
bined Materials offered the best play situation; that 
Clay and Crayoas ranked highest, in general, of the 
single types of play materials; that Pictures and Books 
and Blocks each held an intermediate rank; while 
Flousekecping Materials were lower, and Companions 
were decidedly the poorest play situation for the chil¬ 
dren observed. The play materials possessed differ¬ 
ent qualities and a summary is given on page ^8. 

3. The holding power of a material was measured 
by the length of time the children voluntarily remained 
with it in the examination room. One factor which 
determined the length of time a material would be used 
was the variety of activities to which it lent itself in 
the children's play. The materials ranked according 
to the children’s preference or "holding power” and 
variety of activities were: 

I Combined Materials 
II Clay and Crayons 

III Pictures and Books 

IV Blocks 
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V Housekeeping Materials 

VI Companions 

4, It was evident that a change in play environ¬ 
ment Influenced the play reactions of the children 
studied. This was most clearly brought out in the con¬ 
trast between the situations called Combined Materials 
and Companions. The children remained 786j4 min¬ 
utes with Companions. There were 829 different ac¬ 
tivities with Combined Materials and only 276 different 
activities with Companions. Only 7 per cent of the 
activity with many playthings was socially non-acccpt- 
able while 21 per cent of the activity in a bare room 
was non-acceptable. The average length of interest 
span for combined materials was 94 seconds but in the 
bare room the average interest span was only 45 seconds 
long. In a bare room the children spent 40 per cent 
of their time with “extraneous things." When many 
play materials were provided only 6 per cent of the 
time was given to extraneous things. With Com¬ 
panions 27 per cent of the time was spent in attending 
to the playmate wliilc 18 per cent of the time in the 
Combined Materials was spent in attending to the 
playmate, But with Companions 31 per cent of the 
time was spent in self-play while the room providing 
many toys had only 2 per cent of the time in attention 
to self. 

S. These last percentages indicate that depriving 
these children of play materials forced them much 
more to attend to themselves than to play with their 
companion, This is in agreement with the term "indi- 
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vidualistic" often applied to the play of children with¬ 
in this age range. 

6. The children, when compared in the same way, 
showed no such consistent dilTercnccs as the materials. 
However, consistencies within each child’s reactions 
indicated that individual differences, particularly per¬ 
sonality differences, were an influencing factor in the 
play reactions observed. 

7. A study of the children's preferences for each 
other showed no consistent influence of one individual 
upon another. This added to the fact that the children 
were similar and were paired in the same variety of 
ways throughout each play situation gives further as¬ 
surance that the plan of procedure made each play 
situation comparable except in the change of type of 
play material offered. 

8. The entire data revealed a total pattern of play 
with play reactions showing similarities in each situa¬ 
tion yet changing in degree as materials were changed 
or following individual differences. 

The outstanding characteristics of these play reac¬ 
tions were: swiftness, an average of 4.84 activities per 
minute; repetition, an average of 59 per cent; and 
variety, with 2fiEI different types of activity recorded 
in 3069 minutes, Of all this activity only 8 per cent 
was socially nan-acceptable, but this amount changed 
consistently with the change of play material. 

The time of play was distributed in a patterned way. 
The average interest span was found to be 81 seconds, 
Eighty-thrcc per cent of the time was given to the ma¬ 
terial provided, but 17 per cent of the time was given 
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to extraneous things and the children were inclusive 
in their interests showing that they were aware of 
everything within reach and sight in the play room. 
Self-play took only 8,6 per cent of the total time, but 
was a definite part of the children’s reactions. The 
companion was given 17 per cent of the time, but the 
greatest amount, 74 per cent was devoted to parallel 
play. 

9. The children were willing to play alone and 
able to do so for more than half an hour. However 
the average time which elapsed before they needed or 
wanted adult guidance was 14 minutes and 12 seconds. 
The range in length of observations was from one-half 
a minute to 41 minutes. 



References 


1. BlaTz, W. E., & Bore, H. Parcnia and the preschool child. 

New Ygrk: Morrow, I9J0, Pp. 352. 

2. Horr, H. Observation of play activities in a niirscry school. 

Gtnely Pijrfiol, Moiioff., 1928, 4, H-BB. 

3. Bwdobs, K, M. n. Occupational interests of ibrcc-ycar-old 

children. Ped, Sem., 1927, 34. 415-423. 

4. BOmlbr, C. The first year of life. New York: Day, 1930, 

Pp. 281, 

5. CovVAM, A., & Carlsow, a. D, Drini^ittg up your child. New 

York: Dufficld, 1930. Pp. 278. 

6. CuSHiHC, H. M. A prescTvalioti tendency in preschool chil¬ 

dren, a study ol perstuiality differences. /Irch, Ptychol,, 
1919, 17, No. 106, Pp. 55. 

7. FostbRj J. C., & Mattson, M. L, Nursery school procedure. 

New Yorki Appleton, 1929. Pp. xiv-|--220. 

8. FanBMAN, F. N., IfoLziNoim, K. V„ ft MncuBti,, B, C. 

The inliucncc of environment on the jritclligcncc, school 
achievement, and conduct of foster children. Z7th Yrbk, 
Nat. Soc. Sluil, Edue., Pt. I, 192B. 102-217. 

9. Gbsbi,!,, a, L. Infancy and human growth. Nesv York: 

Mncmillan, 1928, Pp, 418. 

JO. -———. Guidance of mental growth in irtfnnt and child. 
New York; Mactnillati, 1930. Pp. xi4-322. 

11. Gbsbli., a. L., ft Thompson, H. Learning and growth in 

identical inlant twins: an cxpctimental suidy by the method 
of co-twin control, C?eriet, Psychol. Monoa.. 1929, 6, 1-124, 

12. Goooenough, F. L,, fe Andbrson, J. E. Experimental child 

study. New York: Century, 1931. Pp, xv-j-544. 

13. HerRIno, A-i & Kooit, H. L. A study of .some factors influ¬ 

encing the interest span of preschool children. J, Genet, 
Psychol., 1930, 38, 249-279. 

14. Hulson, E. L. An analysis of the free piny of ten four-yc.ir- 

old children through consecutive observation.?, J. Juv, Res., 
1930, 14, 188-208. 

15. Johnson, H, M, Children in the nurBcry school. New 

York: Day, 1920. Pp. xx-1-324. 


[466J 



PLAV OP PRPSCHOOL ClIJLDllEN 


+67 


UNE i^TUDE DU JEU OES ENFANTS D'AGE PRfiSCOLAIKE PAR UN 
OnSEUVATEUR NON ORSERVI5 

(K£BtiJi]£) 

Pour conlrlbuer jilun & In coinprihension du )fiu ti des bcsoins du jcu 
dfiB jcunca cninnh, on n fail ceiic c^piricnce dani Ic but de montrers (i) 
bI iin chunfftmciit du milieu du jcu influait anr Ua i^^ciiona des enfante 
eliiui^H; (2) Fi’d cti ilnlt fllusii quellea differences ac montr^ienb dana lea 
r^^cNonj nut divern rrmtiriaujc priaemis; (3) jusqu'a quel point ces enfauta 
devraient du pouvrafent fitre permia & Hiilvrii Icwru propm mventlona; qt 
(+) dc irouver d'eutrea renaeignemenia ear les carttcteriatiques gendralca du 
I ndividuellea dca rencliona dana le jeu montreea par lea en/anta obaerr^g. 

L'cxpericjicft consiBUit ^ voir chacun de aix enfants d'^ge pr^acolaire mla 
en pairc avee tout autre enfant dans le groupe, et sculj dans ah mjiievjji 
difTjreplj du ycu« Cm milieux ont jFnita dona une sails d^etnmen con- 
icnant un dcran pcrnicttnrvt la vision dans une direction aeulement, leqnel 
a pernua Ihnlivement de riniliience immediate aduUe maU a rendu pos¬ 
sible une ^uoilc obacrvfliion. Lea siluaUona de jeu priaenMea ont et6: des 
MfllirUiix clc manage, dea Blocs, dea Tableaux et dea Livrea, de TArgile 
et dea Crayons dc paalcl, dea Compagnona (nula mal^riaux du jeu dana In 
5one)i et dcB Mal^rioux combinja (quelques-una de chacun dea quatre 
premiers types dc matdricl incliis.) 

Lea enfanta ont M enil&rcment librea dc joucr comme ila voutalent et de 
pnillr quond Da le vouhienh On □ enregistr^ leur comportement imm^diate- 
rnent dnna un comptc cournnt. Lea pointa not^a ont (1) le materiel 
Bpproeb^; (2) Ic temps dc Ihpproche (au plua proche cinq aecondea); (3) 
lea cbcngcmcnlB de I'aclivJt^ pendont qu'ils ^latent avee le rnat^riel; et 
(4) Ic lemps du chongement dc I'actJvltd. Cea nataliona ont orgatii&eea 
ct dlapoB^CB cn tnblcB cn forme dc graphlquea de temps et tables d'actiyit^, 
de florte que I'activity ct lo distribution du temps dana toute observation 
□nt clairerrent et qunntUativcment comparables h celles de n'lmporte 
quelle aulrc, 

Lea principaux rieultnls dc cCtte experience ont lea aulvanis; 

1. 11 a M Evident qu'un changernent du milieu du jeu a Jnllug sqr Isi 
rdaciions du jcu des cnfnnta t^tudi^a. Ceci s‘eat mont^^ ie plus clairerrent 
dans le conlrastc entre les situations nppel^es ^'Mat^riaux combines’'' ct 
"Compagnons.** Lea cnfanis sont reslia 7B6J4 minutes avec les "MatAriaux 
comblnia” comparA A Wy^ minutea avec lea ‘’Gornpagnona." IJ y avait 
029 activilAa dilfArEntes nyec tee '^Wat^rinux combines" et seulement 276 
aclivlJAs diffArcnlea avec les "Compagnons,^' Seulement 7^ de thc- 
tivitA nyce beaucoup dc Joueta a it6. aocialement; non acceptable, tandiii 
que 21% de I'activilA dans une salle dAgarnie a Aid non acceptable, D'autrea 
contrastes 3e sont montrds dans I'dtude, 

2. L'caldvcmeiu des matdriauK de jeu de ces enfanta lea a foreda beau- 
coup plus i a'oecuper d'etlx^memea qu^A jouer ayec leurs compagnons, 

3. Les dilfdrcnccs indlvidudlcsj siirtout lea difFdrencea de personnalitd, 
ont did un iactcur d'influence dana les rdacdons du jeu obHervdea. 

4. ToutcB lea dontidcB ont monlrd une forme totale du jeu ayec dea rdac- 
llons (lu jcu qul montrnient des aimilaritda dana chaque situation mala 
chflngcnicnt dc degrd nvee Ic chnngcment des matAriaux ou aiiivaient lea 
di^drences individucllca. Quciquea-unes de cea caraetdriatiques^ out dtd: 
In rnpidildj unc moyennu dc 4.04 octlvitda par minute; la rdpdution, une 
moyenne (le 59%| et Ja varidtd, nvec 2B21 dilfdrents types d activUd en" 
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rcghuil cti lOfi^ minmca. He loiik reiie acilvild iculcmcni a M nan 
iicccpiflblc. Le irmpH nioy^n a'^coiihni nviini que ki cnfanift ai^nt cu hcaoin 
At U dirECilan (lc& fttlulica uu l*aict\i vouluc fli dc 1*^ tnimuc^ ti L2 
lecondcA. 


EINE UNTERSUCIIUMG HER SiMELTi'tTIGKEIT BEl VORSCUULP. 
rUCHTIGEN KlNDl-HN VON ElNllM UNUESEHUNKN 
BEOJIACIITEH 

(Rc/crnl) 

Um zu dem Venliindinh dci Spiclen unci der SinellicilurffiiBic Junger 
Kinder eiwaa beizuiragcni wurdc dicaci Kxttcriiueni aiHgcCuUri, um die 
/algcnden Funkic ruichtiiwejscn: (1) cib cine Vcriiiidcrung tier Spjcliimgc* 
bimg die KenViinncn dei unicriiichtcn Kindtr bccbidu^iici (2) ^vtnn )fl| 
welclic UnicrBcliiede In den Rcnklioncn niif die versirhicdendJi dnrgrbolencn 
NlD(cri4ljcn vcrkamcii; (3) den Orad, /u dem die Kinder alldn blcibcn 
lollicn Oder kQimicit; und (4) um nocli rnehr Aunkunfl iiber allgcnieinu 
odcr individueilc Elgeiiicha/ien dcr Splplreakiiuneii xu finden, wie aie bci 
den Kindcrn bcobadiiei ivurden. 

JcrlcB dcr ■cclij Kinder dci voncliulpflicbligcn ANerf turtle mil jedern 
BCidercn Kind der Uruppe gcpAarl, nlUin Relativen, und in fteebi vetKcbledcne 
SpIclikunManen gebrnchr. Dicjc RplulnUinicioiicn fanden in eijiem llnicrAUcIi' 
ungi^immer auu, doiB «ipcn Cie»icbuiichirm bestiis, der die nnRencbenc Uto- 
bacliiiing den Kindcji RCiuuelc. Die SpielNlluaiiunen wnren IlnuilmluinKH' 
malerialien, Ul&ckc, Hildcr und Rdcher, Tan und KrciiUAiiru, SitjclgcnPiiHeii 
(kein Splcbnaierial Im dimmer) und verbundenc Maurialleri (cinlKcii von 
jedem dcr vicr Typen von Mnicriil). 

El sund den Klndeni /rei| %u aplclen, >vic lie wolllcn und lu gehen, 
wenn pic wolhciii Ilir Verhallcn wurdc dnnrend aurgcHclin'cbcn, Die 
ElnuibclUni die licmcrVl wurden, wurcn O’) gebraiicbie Niauriai; O) 
die Zeii der AnritiUrung (bis %ii funf Sekunden); (3) Veracliicbung dcr 
Hnudiungi lYHbrcnd pic plch mil deni Mnicrinl bcpcbnCiiRlcn; und (4) die 
Zell der VerHclilcbung der IlandliinK. Dichc Ergebnlaao wurden ^iiynm- 
mcngebraclii und in dcr Farm von Zciuciclinungen und naiullungAtabcllcn 
aufgca 101111 BO doBH die linridlung und Vcrieilung dcr Zcli in irgcndeiiicr 
Dcohnchiung kinr und qumuimiiv miicinnndcr vcrgieichbor waren. 

Die Haupibefundc dicscr Expcrimcnia waren: 

1, Ea Blclllc aich heroiiB, doRs cine Veriinderung in dcr Spiclumgcbung 
die Spicircikiiancu dcr unlcrauducn Kinder bccinflus&u, Dicn '/tiglc pidi 
am klaraicn jm GcgcriBQiz zwinchen den ^iiuaiiancn, die "vcrliundciic Ma- 
Icrialicn" und ''SpicigenoBicn'’ gcnnnni wurden. Die Kinder Ulicben WVi 
Minuicii mil den "vcrhiindciicn Mnicrinlien'' Im Vcrgicich mil 2^7^! 
Mlnulcn mil den “SpiclgcnoBBcn.'' Es gnb 829 vcrsrhicdenc UnnillunKcn 
mil 'Vcrlnindencn Maiciinlicn" und niir Z76 vcriicliicdcne Ilaiidlungcr mil 
^'SplcIgcnouBcn.'' Nur 7% dcr Triligkcit mil vielen Spicl^cuKcn wnr soxlril 
unBnnehmbnr, wHlircnd 21% dcr TliiiKkeil in tiuem bloBacn Zimmer un- 
nnnebmljar war. Wdiicre Gcgcnnilizc /eigicn picli In dicNcr UiuerAUcliung. 

Z Wenn die Kinder ohtie Spidintiicrialicii wncen, bcKeUnCilRcn dc aicU 
mb eicb rnclir alp mk iliren Spielgcnospen, 

3, IndivUluellc VcrHcbiedenlicilen, bcBonderp FernbTilldikcilBvcrBcliicden- 
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hcitcn, wnren cfn bccinfluBacnticr Faktor bei ilen beobachteteo ^pieUeak* 
tioncn. 

4. ADc IZrgebniajc 2 i:jgicn cin GebllJe dea Spieles mit Spie)* 

rcdkliafrcD, file; ^luilichkcllefi in jcdcr Sitnalion nu/wiesciij jedoch Kadcrten 
sic ffich jm Grade, kvic <lic Matcrlalicii ver^ndert \rurden, Einigc dicser 
Kigciiqcliiif(cii Avaren; vichnclligkcii, im Uutchscbmit 4,34 [landlungen pro 
Minnie; Wiederholung, im Dnrdincliniit S9%; Uhd Vcrachiedenheitj mit 
Z 821 vcmclncilcncn Aricii van Handlung in 1 069 Minutcn> Von dieaer 
Thiigkcii ivnr nur ujumncbinboj’. Die durcbschnildiche; 2eb, die 
verging, bevor die Kinder die Lenkuiig Jeer Ertvach^enen brftucbten oder 
«vo])un, vr^r 14 Minuicn iind IZ ^ekunden. 


COCKIULL 



